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ANIMAL LOCOMOTION 



§ 328. Extended General Statement and Review of the whole Subject 

The locomotion of animals, as exemplified in walking, swimming, and fl3^ng, is a subject of permanent interest 
to all who seek to trace in the creature proofs of beneficence and design in the Creator. All animals, however 
insignificant, have a mission to perform — ^a destiny to fulfil ; and their manner of doing it cannot be a matter 
of indifference, even to a careless observer. The most exquisite form loses much of its grace if bereft of motion, 
and the most ungainly animal conceals its want of symmetry in the co-adaptation and exercise of its several parts. 
The rigidity and stillness of death alone are imnatural. So long as things live, move, and have a being, they 
are agreeable objects in the landscape. They are part and parcel of the great problem of life, and as we are all 
hastening towards a common goal, it is but natural that we should take an interest in the movements of our fellow- 
travellers. As the locomotion of animals is intimately associated with their habits and modes of life, a wide field 
is opened up, teeming with incident, instruction, and amusement. No one can see a bee steering its course with 
admirable precision from flower to flower in search of nectar ; or a swallow darting like a flash of light along the 
lanes in pursuit of insects ; or a wolf panting in breathless haste after a deer ; or a dolphin rolling like a mill-wheel 
after a shoal of flying-fish, without feeling his interest keenly awakened. 

Nor is this love of motion confined to the animal kingdom. We admire a cataract more than a canal ; the 
sea is grander in a hurricane than in a calm ; and the fleecy clouds which constantly flit overhead are more agreeable 
to the eye than a horizon of tranquil blue, however deep and beautiful. We never tire of sunshine and shadow 
when together : we readily tire of either by itself. Inorganic changes and movements are scarcely less interesting 
than organic ones. The disaffected growl of the thimder, and the ghastly lightning flash, scorching and withering 
whatever it touches, forcibly remind us that everything above, below, and around is in motion. Of absolute 
rest, as Mr. Grove, after much patient research, has shown, nature gives us no evidence. All matter, whether living 
or dead, whether solid, liquid, or gaseous, is constantly changing form : in other words, is constantly moving. It 
is well it is so ; for those incessant changes in inorganic matter and living organisms introduce that fascinating 
variety which palls not upon the eye, the ear, the touch, the taste, or the smell. If an absolute repose everywhere 
prevailed, and plants and animals ceased to grow ; if day ceased to alternate with night and the foimtains were 
dried up or frozen ; if the shadows refused to creep, the air and rocks to reverberate, the clouds to drift, and the 
great race of created beings to move, the world would be no fitting habitation for man. In change he finds his 
present solace and future hope. The great panorama of life is interesting because it moves. One change involves 
another, and everything which co-exists, co-depends. This co-existence and inter-dependence cause us not only 
to study ourselves, but everything aroimd us. By discovering natural laws we are permitted in God's good 
providence to harness and yoke natural powers, and already the giant Steam drags along at incredible speed the 
rumbling car and swiftly gliding boat ; the quadruped has been literally outraced on the land, and the fish in the 
sea ; each has been, so to speak, beaten in its own domain. That the tramway of the air may and will be traversed 
by man's ingenuity at some period or other, is, reasoning from analogy and the nature of things, equally certain. 
If there were no flying things — if there were no insects, bats, or birds as models, artificial flight (such are the diflS- 
culties attending its realisation) might well be regarded as an impossibility. As, however, the flying creatures are 
legion, both as regards number, size, and pattern, and as the bodies of all are not only manifestly heavier than the 
air, but are composed of hard and soft parts, similar in all respects to those composing the bodies of the other 
members of the animal kingdom, we are challenged to imitate the movements of the insexjt, bat, and bird in the 
air, as we have already imitated the movements of the quadruped on the land and the fish in the water. We 
have made two successful steps, and have only to make a third to complete that wonderfully perfect and very 
comprehensive system of locomotion which we behold in nature. Until this third step be taken, our artificial 
appliances for transit can only be considered imperfect and partial. Those authors who regard artificial flight as 
impracticable sagely remark that the land supports the quadruped and the water the fish. This is quite true, 
VOL. III. A 
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but it is equally true that the air supi>ort8 the bird, and that the evolutions of the biid on the wing are quite as 
safe and infinitely more rapid and Jbeautiful than the movements of either the quadruped on the land or the fish 
in the water. What, in fapt^ sfecti^es'tlfe'position of the quadruped on the land, the fish in the water, and the bird 
in the air, is the ^(e:;';and\5^' tliis I mean that prime moving or self-governing power which co-ordinates the 
movemepts\of thei^ 'tiiii^ing surfaces (whether feet, fins, or wings) of all animals, and adapts them to the medium 
on whi^B.^ they are destined to operate, whether this be the comparatively unyielding earth, the mobile water, or 
Jbhe stiir more mobile air. Take away this life suddenly — the quadruped falls downwards, the fish (if it be not 
specially provided with a swimming bladder) sinks, and the bird gravitates of necessity. There is a sudden 
subsiding and cessation of motion in either case, but the quadruped and the fish have no advantage over the bird 
in this respect. The savants who oppose this view exclaim not unnaturally that there is no great difficulty in 
propelling a machine either along the land or the water, seeing that both these media support it. There is, I admit, 
no great difficulty now, but there were apparently insuperable difficulties before the locomotive and steamboat were 
invented. Weight, moreover, instead of being a barrier to artificial flight, is absolutely necessary to it. This 
statement is quite opposed to the commonly received opinion, but is nevertheless true. No bird is lighter than 
the air, and no machine constructed to navigate it should aim at being specifically lighter. What is wanted is 
a reasonable but not excessive weight, and a duplicate (in principle if not in practice) of those structures and 
movements which enable insects, bats, and birds to fly. Until the structure and uses of wings are understood, the 
way of *' an eagle in the air " must of necessity remain a mjmtery. The subject of ffight has never, until quite 
recently, been investigated sjmtematically or rationally, and, as a result, very little is known of the laws which 
regulate it. If these laws were understood, and we were in possession of trustworthy data for our guidance in 
devising artificial pinions, the formidable Gordian knot of ffight, there is reason to believe, could be readily untied. 

That artificial flight is possible is proved beyond doubt — first, by the fact that ffight is a natural movement ; 
and second, because the natural movements of walking and swimming have already been successfully imitated. 

The very obvious bearing which natural movements have upon artificial ones, and the relation which exists 
between organic and inorganic movements, invest the subject of locomotion with a peculiar interest. 

It is the blending of natural and artificial progression in theory and practice which gives to the one and the 
other their chief charm.* The history of artificial progression is essentially that of natural progression. The same 
laws regulate and determine both. The wheel of the locomotive and the screw of the steamship apparently greatly 
differ from the limb of the quadruped, the fin of the fish, and the wing of the bird ; but, as I shall show in the 
sequel, the curves which go to form the wheel and the screw are found in the travelling surfaces of all animals, 
whether they be limbs (furnished with feet), or fins, or wings. 

It is a remarkable circumstance that the undulations or waves made by the wing of an insect, bat, or bird, 
when those animals are fixed or hovering before an object, and when they are flying, correspond in a marked manner 
with the undulations described by the stationary and progressive waves in fluids, and likewise with the waves of 
sound. This coincidence would seem to argue an intimate relation between the wing and the medium on which 
it is destined to operate, whether air or water. Can it be that the animate and inanimate world in this as in other 
things reciprocate, and that the travelling organs of animals are made to impress the inanimate bodies in precisely 
the same manner as the inanimate bodies impress each other ? This much seems certain : The wind communicates 
to the water similar impulses to those communicated to it by the fish in swimming ; and the wing when it is made 
to vibrate, impinges upon the air as an ordinary sound does. The extremities of bipeds and quadrupeds, moreover, 
describe waved tracks on the land when walking and nmning ; so that one great law apparently determines the 
course of the bird in the air, the fish in the water, and the biped and quadruped on the land. 

We are, unfortunately, not taught to regard the travelling surfaces and movements of animals as correlated 
in any way to surrounding media, and, as a consequence, are apt to consider walking as distinct from swimming, 
and walking and swimming as distinct from flying, than which there can be no greater mistake. Walking, swinuning, 
and flying are in reality only modifications of each other. Walking merges into swimming, and swimming into 
flying, by insensible gradations. The modifications which result in walking, swimming, and flying are necessitated 
by the fact that the earth affords a greater amount of support than the water, and the water than the air. 

That walking, swimming, and flying represent integral parts of the same problem is proved by the fact that 
most quadrupeds swim as well as walk, and some even fly ; while many marine animals walk as well as swim, and 
insects and birds walk, swim, and fly indiscriminately. When the land animals, properly so called, are in the 
habit of taking to the water or the air ; or the inhabitants of the water are constantly taking to the land or the air ; 
or the insects and birds which are more peculiarly organised for flight, spend much of their time on the land and 
in the water ; their organs of locomotion must possess those ])eculiarities of structure which characterise, as a class, 
those animals which live on the land, in the wat^r, or in the air reiipectively. 
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In this we have an explanation of the gossamer wing of the insect — the curiously modified hand of the bat 
and bird — the webbed hands and feet of the beaver, otter, omithorhynchus, seal, and walrus — ^the expanded tail 
of the whale, porpoise, dugong, and manatee — the feet of the ostrich, apteryx, and dodo, exclusively designed for 
running — the feet of the ducks, gulls, and petrels, specially adapted for swimming — and the wings and feet of the 
penguins, auks, and guillemots, especially designed for diving. Other and intermediate modifications occur in the 
flying-fish, flying lizard, and flying squirrel ; and some animals, as the frog, newt, and several of the aquatic insects 
(the ephemera or may-fly for example ^) which begin their career by swimming, come ultimately to walk, leap, and 
even fly.* These points are illustrated at Plate 1. p. 81. 

Every degree and variety of motion, which is peculiar to the land- and to the water- and air-navigating animals 
as such, is imitated by others which take to the elements in question secondarily or at intervals. 

Of all animal movements, flight is indisputably the finest. It may be regarded as the poetry of motion. The 
fact that a creature as heavy, bulk for bulk, as many solid substances, can by the 'unaided movements of its wings 
urge itself through the air with a speed little short of a cannon-ball, fills the mind with wonder. Flying (if I may 
be allowed the expression) is a more unstable form of locomotion than that of walking and swimming ; the insta- 
bility increasing as the medium traversed becomes less dense. It, however, does not essentially differ from the other 
two, and I shall be able to show in the following pages, that the materials and forces employed in flight are literally 
the same as those employed in walking and swimming. This is an encouraging circumstance as far as artificial 
flight is concerned, as the same elements and forces employed in constructing locomotives and steamboats may, and 
probably will at no distant period, be successfully employed in constructing flying machines. Natural flight is 
a vito-mechanical problem. It is warped in and out with the other animal movements, and forms a link of a great 
chain of motion which drags its weary length over the land, through the water, and, notwithstanding its weight, 
through the air. To understand flight, it is necessary to imderstand walking and swimming. These naturally 

precede flying. 

In the animal kingdom the movements are adapted either to the land, the water, or the air ; these constituting 
the three great highways of nature. As a result, the instruments by which locomotion is effected are specially 
modified. This is necessary because of the different densities and the different degrees of resistance furnished 
by the land, water, and air respectively. On the land the extremities of animals encounter the maximum of resistance, 
and occasion the minimum of displacement. In the air, the pinions experience the minimum of resistancey and 
effect the maximum of displacement ; the water being intermediate both as regards the degree of resistance offered 
and the amount of displacement produced. The speed of an animal is determined by its shape, mass, and power, 
and the density of the medium on or in which it moves. It is more difficult to walk on sand or snow than on a 
macadamised road. In like manner (unless the travelling surfaces are specially modified), it is more troublesome 
to swim than to walk, and to fly than to swim. This arises from the displacement produced, and the consequent 
want of support. The land supplies the fulcrum for the levers formed by the extremities or travelling surfaces of 
animals with terrestrial habits ; the water furnishes the fulcrum for the levers formed by the tail and fins of fishes, 
sea mammals, &c. ; and the air the fulcrum for the levers formed by the wings of insects, bats, and birds. The 
fulcrum supplied by the land is immovable ; that supplied by the water and air movable. The inmiobility and 
mobility of the fulcrum constitute the principal difference between walking, swimming, and flying ; the travelling 
surfaces of animals increasing in size as the medium to be traversed becomes less dense and the fulcrum more 
movable. Thus terrestrial animals have smaller travelling surfaces than amphibia, amphibia than fishes, and fishes 
than insects, bats, and birds (Fig. 299, A, B, C). 

Another point to be studied in connection with unyielding and yielding fulcra, is the resistance offered to 
forward motion. A land animal is supported by the earth, and experiences little resistance from the air through 
which it moves, unless the speed attained is high. Its principal friction is that occasioned by the contact of its 
travelling surfaces with the earth. If these are few and small, the speed is generally great, as in quadrupeds. A 
fish, or sea mammal, is of nearly the same specific gravity as the water it inhabits ; in other words, it is supported 
with as little or less effort than a land animal. As, however, the fluid in which it moves is more dense than air, 
the resistance it experiences in forward motion is greater than that experienced by land animals, and by insects, 
bats, and birds. As a consequence fishes are for the most part of a pointed oval shape ; this being the form 

* The ephemenv in the larva and impa state reside in the water, (^oneeale<l durinfi^ the day under stones or in horizontal burrows which thev 
fomi in the nanks. Although resembling the jierfect insect in several resjiects, they niffer materially in having longer antenntp, in wanting ocelli, 
and in iiossessing horn-like mandibles ; the abdomen has, n.ioreover, on each side a row of plates, mostly in pairs, which are a kind of false 
branchisv and which are employwl not cmly in re^spiration. hat <i/sit as innldUji. (Cuvier's '* Animal Kingdom," p. 576. London, 1840.) 

' Kiiby and SjK^nce. olwerve that some insects which are not naturally a^piatic, do, nevertheless, swim very well if they fall into the water. 
They instance a kind of grasshopijer {AcriiUtim)^ which can i»addle itself across a stream with great rapidity by the powerful strokes of its hind 
legs. (** Introduction to Entomology," 5th edit, 1828, p. 360.) Nor should the remarkable discoveir by Sir John LublKx;k (Ix>rd Avebiiry) of a 
swimming insect {Polipurma wi/u^m), which uses its wings cj-chmccly aajiiutf be overlooked. {Linn. Ti-ans.^ vol. xxiv. p. 135.) 
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calculated to cleave the water with the greatest e&ae. A flying animal i« immensely heavier than the air. The 
support which it receives, and the resistance experienced by it in forward motion, are reduced to a minimum. 
Flight, because of the rarity of the air, is very much more rapid than either walking, running, or swimming. The 
flying animal receives support from the air by increasing the size of its travelling surfaces, which act after the maimer 
of twisted inclined planes or kites. When an insect, a bat, or a bird is launched in space, its weight (from the 
tendency of all bodies to fall vertically downwards) presses upon the inclined planes or kites formed by the win^ 

in such a manner as to become converted directly into a -pro- 
pelling, and indirectly into a buoying or supporting power. 
This can be proved by experiment, as I shall show subsequently. 
But for the share which tbe weight or mass of the flying animal 
takes in flight, the protracted journeys of birds of passage would 
be impossible. Some authorities are of opinion that birds even 
sleep on the wing. Certain it is that the albatross, that prince 
of the feathered tribe, can sail about tor a whole hour without 
once flapping its pinions, This can only be done in virtue of 
the weight of the bird acting upon the inclined planes or kites 
formed by tbe wings which are supported by the air in motion. 
When a bird flies in still air its win^, unless very large, are 
moved with great velocity. Contrary to all expectation, 
as I pointed out in 1867,' the wings strike downwards and 
forwards during the down stroke, and upwards and forwards 
during the up stroke. In order to support tbe body of the bird 
which is in motion and which tends to fall in a downward and 
forward direction, the wings must be carried in front of the body, 
especially during the down stroke. A grouse when shot on the 
wing falls downwards and forwards in a curve, and to prevent 
the downward and forward fall of the body in motion, the 
living bird always causes its wings to strike forwards or in 
advance of ite body. The wings, as I explained in 1867, not 
only strike downwards and forwards during the down stroke 
and upwards and forwards during tbe up stroke, but they also 
pull the body forward — a view fully corroborated of late years 
by instantaneous photographs of flying birds. The old idea was 
that the wings pushed the body forward : the result is the same, 
but the modtu operandi is wholly different. No one ever saw a 
bird dehver the down stroke of the wings either vertically 
downwards, or downwards and backwards. The explanation 
here given, paradoxical as it may appear, is readily understood 
'!!dlvtSrfo'^h™ind.''r!'"7^' ^l"^" ^^^ problem of flight is explained on strictly mechanical 
' " ' ■ ' iking' (thf principles. The wings, as I also demonstrated in 1867, act as 
irsveliinc ''^"^ kites, both during the down and up strokes. 

The following abstract from my paper, "On the various 

Modes of Flight in Relation to Aeronautics," explains the point : 
" All wings obtain their leverage by presenting oblique surfaces 
to the air, the degree of obliquity gradually increasing in a direction from behind forwards and downwards 
during extension when the sudden or effective stroke is being given, and gradually decreasing in an opposite 
direction during flexion or when the wing is being slowly recovered preparatory to making a second stroke. The 
effective stroke in insects, and this holds true also of birds, is therefore delivered doumwards and forwards, and 
not, as the majority of writers believe, vertically, or even slightly backwards. This arises from the curious circum- 
stance that insects and birds when flying actually fall through the medium which elevates them ; their course being 
indicated by the resultant of two forces, namely, that of gravity, pulling vertically downwards, and that of the 
wing acting at a given angle in an upward direction. The wing of the biid acts after the manner of a boy's 
kite, the only diflerence being that the kite is pulled forwards upon the wind by the string and the hand, whereas 




Fiu. 2»9.~A. Chitliiighi 
t\ie Bninll travrlliii); rxlmiii 
tigurc-nr-S ninvrnients made by the tert 
Author. 1867). 

B. The tiirth- {Vh^l'.Hia imbricata). Enlarged _._ „ 

■"' {ftipiJere) luiapted for the «-»t«r {tlie Author, 1867). 

- {PhitlloiUmi .jraci(is). Grcatlyes ' " 

" " (the Author, 
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in the bird, the wing is pushed forwards on the wind by the weight of the body and the life residing in the pinion 
iteell" (Figs. 300 and 301). 

The statement made by me in ISftT to the effect that the wing strikes downwards and forwards and upwards 
and forwards in flight waa the occasion of a keen controversy on the part of the mathematicians at Cambridge and 
elsewhere. They, without having sufiiciently examined the proofs published by me, or having repeated my original 
experiments, maintained on purely theoretical grounds, that it was physically impossible for the wing to act as I 
said it did. They, however, did not realise that the body of a volant animal is inclined obliquely upwards in flight, 
that the wing is a highly elastic structure which yields at its tip and along its posterior margin when made to 
vibrate, that the air upon which the wing operates furnishes an exceedingly mobile fulcrum, that the wing is carried 
forward with the body in free flight — its under surface acting as a kite during both the down and up strokes, and 
that in order to support the flying creature which tends to fall downwards and forwards the wings must of necessity 
be, for the most part, in advance of the mass they are bearing upwards and onwards. 

Having abundantly satisfied mj-self of the accuracy of my observations by a careful and prolonged study of 
the flight of insects, birds, and batfi, and having performed a very large number of experiments with natural and 





Flo. 300. 

Fio. 300.— ShowH the downward and forward Btrobe madu by tha wins of the bird in (liglit. ■■, Axii of the bodv ot the bird, 
li, root of tha wing ; /,/, thick tnargiD of the wing ; n, n', spiral track degcribed by the thin margin and tip of the wing (the 
Author, 1867). 

Pia. 301. — Shows the kite action of the wing in the gull. <i, li. Kite strings for each wing which tend to pull the wings 
(e, d) downwards and forwards. The liody and weifflit of the bird (r) perform a similar n'llo. The kites formed by the wings tend 
to rise in the direction/, •/ ; the line of Right is consequently Iietween n, li and/, ,'f (the Author, 1867). 

artificial wings, all of which were published, I did not seriously attempt to convince or convert the closet philosophers 
who, as usual, were as dogmatic as they were bigoted. Instantaneous photography came ultimately to my aid 
and gave me an easy victory over my opponents. Snap-shote taken of flying birds conclusively proved that 
the wing which, at the beginning of the down stroke, occupies a, position corresponding with the root of the tail 
of the bird, is, at the termination of the down stroke, more than half the length of the body in advance of the 
beak of the bird. The accuracy of instantaneous photographs cannot be doubted or even questioned. I give 
specimens of instantaneous photographs of flying birds in corroboration of the above in future sections of the work. 
The weight of the body plays an important part in walking and swimming, as well as in flying. A biped 
which advances by steps and not by leaps may be said to roll diagonally over its extremities,' the foot of the 
extremity which happens to be upon the ground for the time forming the centre of a circle, a segment of which 
is described by the trunk in forward motion. In like manner the foot which is ofi the ground and swinging forward 
pendulum -fashion in space, may be said to roll or rotate upon the trunk ; the head of the femur forming the 
centre of a circle, a portion of the circumference of which is described by the advancing foot. A double roUing 
movement is thus established ; the body rolling on the extremity the one instant, the extremity rolling on the 
trunk the next. During these movements the body rises and falls. The double rolling movement is necessary 
> Tliia is aUii tiuf uf c[uiidru|>edii. It is the [xnteriur |art of tlie feet whii-L is out duwii tirst. 
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Fio. 30*2. — Shows the figiire-of-S curves 
made )w the aims and legs in walking. 
The solid lines represent the curves made by 
the legs ; the dotted lines those made by tlie 
arms (the Author, 1867). 




Fk;. 303.— Shows the figure-of-8 curves made by the 
sturgeon in sA^imming. a. 6, Axis of motion ; c, caudal 
curve made by the tail and posterior half of the hodj ; d, 
cephalic curve made by the head and upper half of the 
body (the Author, 1867). 



not only to the progression of bipeds, but also to that of quadrupeds. As the body cannot advance without the 
extremities, so the extremities cannot advance without the body. The double rolling movement is necessary 
to continuity of motion. If there was only one movement, there would be dead points or halts in walking and 

running, similar to what occur in leaping. The continuity of movement 
necessary to progression in some bipeds (man for instance) is further secured 
by a pendulum-movement in the arms as well as in the legs, the right arm 
swinging before the body when the left arm swings behind it, and the 
converse. The right leg and left arm advance simultaneously to form one 
step, and alternate with the left leg and right arm, which likewise advance 
together to form a second step. This gives rise to a double twisting of the 
body at the shoulders and loins. The legs and arms when advancing move 
in curves ; the convexities of the curves made by the right leg and left arm, 
which advance together when a step is being made, being directed outwards (that is, away from the mesial line 
of the body), and forming, when placed together, a more or less s}anmetrical ellipse. If the curves made by the 
right arm and left leg, and the left arm and right leg respectively, be united, they form waved lines which intersect 
at every step, as I fully explained in 1867.^ This arises from the fact that the curves formed by the right and left 
legs are found alternately on either side of a given line, the same holding true of the right and left arms. Walking 
is consequently produced by a twisting diagonal movement in 
the shoulders, loins, and extremities. Without this movement, 
the momentum acquired by the different portions of the moving 
mass could not be utilised (Fig. 302). 

As the momentum acquired by animals in walking, swim- 
ming, and flying forms an important factor in those movements, 
it is necessary that we should have a just conception of the value 
to be attached to weight when in motion. In the horse, when 
walking, the stride is something like five feet, in trotting ten feet, 
but in galloping eighteen or more feet. The stride is in fact de- 
termined by the speed acquired by the mass of the body of the horse ; the momentum at which the mass is 
moving carrying the limbs forward.^ 

In the swinmiing of the &h, the body is thrown into double or figure-of-8 curves, as in the walking of the 
biped. The twisting of the body, and the continuity of movement which that twisting begets, reappear. 
The curves formed in the swimming of the fish are never less than two, a caudal and a cephalic one. They 

may and do exceed this number in the long-bodied fishes (Fig. 303). 
The tail of the fish is made to vibrate pendulimi-fashion on either side 
of the spine, when it is lashed to and fro in the act of swimming. It is 
made to rotate upon one or more of the vertebrae of the spine, the vertebra 
or vertebrae forming the centre of a lenmiscate, which is described by the 
caudal fin. There is, therefore, an obvious analogy between the tail of the 
fish and the extremity of the biped. This is proved by the conformation 
and swinmiing of the seal — an animal in which the posterior extremities are 
modified to resemble the tail of the fish. In the swimming of the seal the 
hind legs are applied to the water by a sculling figure-of-8 motion, in the 
same manner as the tail of the fish. Similar remarks may be made with 
regard to the swinmiing of the whale, dugong, manatee, and porpoise ; sea 
mammals, which still more closely resemble the fish in shape. The double 
curve into which the fish throws its body in swimming, and which gives 
continuity of motion, also supplies the requisite degree of steadiness. When the tail is lashed from side to side 
there is a tendency to produce a corresponding movement in the head, which is at once corrected by the 
complementary curve. Nor is this all ; the cephalic curve, in conjunction with the water contained within it, 
forms the point cTappui for the caudal curve, and vice versd. When a fish swims, the anterior and posterior 
portions of its body (supposing it to be a short-bodied fish) form curves, the convexities of which are directed 
on opposite sides of a given line, as is the case in the extremities of the biped when walking. The mass of the 

» Op. cit., March 22, 1867. 

■ "According to Sainbell, the celebrated horse Eclii>S(>, when galloping at lil)erty, and with its greatest s|)eed, jwissed over the space of 
twenty-five feet at each stride, which he repeated two and a third times in a second, being nearly four miles in six minutes and two seconds. The 
race-hoi-se Flying Childers was computed to have passed over eighty-two feet and a half in a second, or nearly a mile in a minute." (Gamgee.) 




a 

Fio. 304, — Shows the double, sjural. 
complementary curves made by the feet of 
the bird in swimming. a. Outer curve 
made by the right foot striking backwaixis ; 
6, inner curve fomied by the left foot 
moving in an opposite direction and recover- 
ing itself. In this case the right foot 
delivere the effective stroke, the left foot 
the non-effective one. When the effective 
stroke is delivered the foot is fully expanded, 
when the non-effective one is given it is 
folded up and closed. Tlie effective stroke 
is also delivered more vigorously (the 
Author, 1867). 
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fish, like the mass of the biped, when once set in motion, contributes to progression by augmenting the rate 



of speed. The velocity acquired by certain fishes is very great, 
ship in full sail ; and a sword-fish (such is the momentum 
acquired by it) has been known to thrust its tusk through the 
copper sheathing of a vessel, a layer of felt, four inches of deal, 
and fourteen inches of oaken plank.* 

The feet of the bird in swimming describe similar curves 
to those described by the fish in swimming, and by the 
extremities of bipeds and quadrupeds in walking and running 
(Fig. 304). 

The wing of the bird does not materially differ from the 
extremity of the biped or the tail of the fish. It is constructed 
on a similar plan, and acts on the same principle. The tail of 
the fish, the wing of the bird, and the extremity of the biped 
and quadruped, are screws structurally and functionally. In 
proof of this, compare the bones of the wing of a bird with the 
bones of the arm of a man, or those of the fore-leg of an 
elephant, or any other quadruped. In either case the bones 
are twisted upon themselves like the screw of an auger (Fig. 305). 

The wing of the bird during extension and flexion describes 
beautiful figure-of-8 complemental curves ; the curves made in 
extension being the converse of those made in flexion (Figs. 
306 and 307). 

The wing of the bird reverses its curves during extension and 



A shark can gambol around the bows of a 






¥ui. 305. — A. Shows the screw formed by the bones of 
the wing of the biixl. a, Humerus twisted upon itself ; 6, 
radius and ulna ditti) ; r, wrist and hand ditto (the 
Author, 1867). 

B. Screw formed by the liones of the foreleg of the 
elephant ; 6, humerus : q, spiral ridge on humerus ; i, 
spiral depi-ession ditto ; q', spiral ridge formed by radius ; 
X, y, spiral depression formed by ulna ; o, bones of foot 
(the Author, 1867). 

C Wax cast of the interior of the left ventricle of the 
heart of a deer. Shows l>eautiful conical-8ha|)ed screw. 
6, Base of screw ; 7, q' spiral ridge of screw ; i, x, spiral 
depression on up|)er side of spiral ridge ; y, ditto on lower 
sicie. The same letters are affixed to figures B and C for 
comimrison (the Author, 1858). 

flexion (Figs. 308, 309, and 310). 

The wing is a screw structurally as well as functionally. Thus the wing when extended and seen from behind 
in certain positions displays a distinctly spiral contour ; the posterior margin twining round the anterior one. The 

Extension (elbow and forearm). Flexion (wrist and hand). 
"^ ^ ^.^ .. 




^ **- • 

Flexion (elbow and forearm). Extension (wrist and hand). 

Via. 306. 




Extension (wrist and hand). 
FlO. 307. 



Fig. 306. — Shows the opposite spiral curves made by the wing of the bird in extension and flexion when the wing is denuded 
of feathers. A. Axis of wing movements (the Author, 1867). 

Fio. 307. — Ellipse formed by the wrist and carpal and metacarpal bones of the wing, of the bird in extension and flexion (the 
Author, 1867.) 




FiQ. 309. 



Fkj. 310. 



Fio. 308. — The wing of the bird as extended. Shows double spiral curve (r, a, h) made bv the feathers (primary, secondary, 
and tertiary) of the posterior margin of the wing. The anterior margin of the wing is seen at a, e, /(the Author, 1867). 

Fig. 309. — The same wing midway between extension and flexion, r, />, Posterior margin of wing ; rf, e, /, anterior margin, 
ditto (the Author, 1867). 

Fio. 310. — The same wing flexed, r. rr, />, Double spiral curve made by the posterior margin of the wing ; rf, e,/, ditto of the 
anterior margin. Note. — The curves made by the posterior margin of the wing during flexion are the reverse of those made by it 
in extension, and form, when placed together, double or figure-of-8 spirals (the Author, i867). 

curves obtained from the two margins are complemental figiire-of-8 curves (Fig. 311, 312, and 313). The same is 
to be said of the margins of the primary feathers at, and near, the tip of the wing (Figs. 314 and 315). 

The margins of the wing of the insect, when the wing is made to vibrate, reverse during extension and flexion 

* A portion of the tiinb«r», &c., of one of Her Majesty's ships, having the tusk of a sword-fish imbedded in it, is to be seen in the Hunterian 
Museum of the Royal College of Surgeons of England (London). 
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and form figure-of-8 trajectoriefl in apace. The tip of the wing situated between the margins also describes a 
figure-of-« track (Figs. 316 and 317). 




Piri. 31 1 .— Wiii^ of A large beetle (Gotiiilkm miniii*). The upper figure shows dorsal aurfAce of wing seen from Above ; tbe 
lower figure shows same wing seen from beneath and iwhiud. d, f,/. Anterior margin of wing ; ',ii, b, posterior margin ditto. The 
letters are the same as in both figures (the Author, 1B6T). 

iewa of the wings of the Kestrel or Windhover. The lettering is the same m in Fig. 311 (the 
WB of the wing of a bat (Fhylt'ieiiia ifraeiUt). The lettering is the same as in Figs. 311 and 312 (the 




Fiaa. 314 and 31^.— Show respectively a primary feather seen from above, and from heneath and before. The lettering 
is the same in both figures. », 'i. Inner margin of feather : r, i', outer margin of feather ; f, /, midrib of feather. The midm 
is curved from above downwards and the margins of tbe feather display spiral, complemental figure-of-S curves (right-hand figure). 
A transverse section of the feather also reveals a spiral, reversing curve seen at r, g of Fig. 314 (the Author, 18T0). 




Anterior ar thli 



\XZf^ 




Fio, 316. — Figure-uf-S trajectory made by the margins and tip of the wing of tbe insect in t.rtennon. The arrows indicate the 
direction of travel. These movements are reversed during /(«.>-iV/ii ; the wing inijutitir iU (nni track during extension and flexion 
(the Author, 1887). 

Flu. 317.— Completed figure. In this figure the dotted line and the dotted arrows indicate the figure-of-8 made by the 
margins and tip of the wing during /•■iiun. The arrows in the completed figure point in opposite directions and shows the reversing, 
reciprocating movements made by the wing during its vibration (the Author, 18GT). 

The figure-of-8 action of the wing, as I wrote in 1867,^ explains how an insect or bird can poise itself in the 
air ; the backward-and-forward reciprocating action of the pinion afiording support, but no propulsion. In these 
instances the backward and forward strokes are made to counterbalance each other. Although the figure-of-8 
represents with considerable fidelity the twisting of the wing upon ite axis during extension and flexion, when the 
insect is playing its wings before an object, or still better when it ia artificially fixed, it ia otherwise when the down 
stroke is added and the insect is fairly on the wing and progressing rapidly. In this case the wing, in virtue of its 
being carried forward by tbe body in motion, deacribea an undulating or apiral course (Fig. -US). 

The figure-of-8 and waved movementa made by the wing in captive and free flight are due to the configuration 
of the wing, its elastic properties, its inherent movementa, and the resistance experienced by it Iti its passage 
through the air. The wing, as stated, is a screw structurally and functionally. Tt is applied to the air very much 
I Op. tit., vol. xxvi., i>i.. 225. 232, 333, SLd 234. 
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as a gimlet or auger is applied to wood when these tools are screwed home and miscrewed. There is a downward 
and forward movement when the wing is extended and firmly screwed into the air (extension and the down stroke), 
and a retractile upward movement when the wing is folded and more or less imscrewed (flexion and the up stroke). 
In these movements, the curves made by the margins of the wings, as explained, are reversed ; the posterior 
margin and tip of the wing yielding slightly according to the degree of pressure applied. 

The following is the account given by me of the structure and movements of the wing in 1867 {Trans, Linn. 
Soc,^ vol. xxvi., pp. 225, 233, and 266) : " All wings are tyristed upon themselves structurally. They, moreover, 
twist upon themselves during their action ; so that the course described by them, or, what is the same thing, the 
blur or impression produced on the eye by their action, is essentially spiral in its nature. . . . The wing of the 
bird, in virtue of its shape and conformation, acts as a twisted inclined plane ; in other words, as a helix or screw 
— the mere extension of the wing, because of the spiral arrangements of the joints, causing it to rotate from its 
plane of least resistance till it makes an angle approximating to 30 degrees with the horizon ; the reverse of this 
occurring during flexion. In this respect it intimately agrees with the wing of both the insect and bat, thus 
proving that however the instruments of flight may be modified, the principle involved is the same in all. . . . 
The wing in the insect is more flattened than in the bird ; and advantage is taken on some occasions of this circum- 
stance to reverse the pinion completely during the down and up strokes — the wing, during its descent, having its 
interior or thick margin inclined ujrwards and backwards, whereas, during its ascent, the anterior or thick margin 
is inclined doumtmrds and forwards. . . . The posterior margin of the wing is made to rotate, during the down 
stroke, in a direction from above doumtoards and from behind forwards — the anterior margin travelling in an opposite 




Fig. 318. 

Fig. 318.— Waved track (c, r) described, by the wing of the insect, bird, and bat in free flight. The thicker parts of the spiral 
(a, h) correspond with the down strokes, the thinner (^, (/, e) corresponding with the up stroke. At (/), the wmg is causing its 
posterior margin to roll downwards until it makes an angle of thirty degrees or so (x) with the horizon, a reverse process taking 
place at g, to reduce the resistance made by the wing during the up stroke. The down and up strokes run into each other and 
are compound movements (the Author, 1867). 

direction and reciprocating. The wing may thus be said to attack the air by a screwing movement from above. 
During the up or return stroke, on the other hand, the posterior margin rotates in a direction from below upwards 
and from before backwards ; so that by a similar but reverse screwing motion, the pinion attacks the air from 
benetUh.^^ . . . " ^4 figure-of-S compressed laterally and placed obliquely with its long axis running from left to right of 
the spectator, represents the movements in question. The down and up strokes, as will be seen from this account, cross 
each other ; the wing smiting the air during its descent from above, as in the bird and bat, and during its ascent 
from bdow, as in the flying-fish, and boy's kite." 

I especially direct the attention of the reader to the wave and figure-of-8 screwing movements made by the 
wing, and to the fact that the down and up strokes of the wirhg cross each other, as Professor E. J. Marey, of the 
College of France, Paris, has quite misrepresented my views on these important points. He has, for example, 
stated in his work " Animal Mechanism," published in the International Science Series in 1874, p. 260, that " the 
trajectory of the wing is represented by Dr. Pettigrew by means of Fig. 86." [Professor Marey here copies and 
reverses my original figure-of-8.] " Four arrows indicate, according to this writer, the direction of movement in 
the different portions of this trajectory. These arrows are in the same direction, and this first fact is opposed to the 
experiment described in p. 195 (of our work ' Animal Mechanism '), where we have investigated the direction of the 
movement of the wing, and have found it pass in opposite directions in the two branches of the 8. In order to explain 
the form which he assigns to this trajectory. Dr. Pettigrew admits that in its passage from right to left, the wing 
describes by its thicker edge the thick branch of the 8, and the thin branch by its narrow edge. The crossing of 
the 8 therefore would be formed by a complete reversal of the plane of the wing during one of the phases of its revolution.'* 
(The italics in this quotation aie mine.) It would be impossible to give a more inaccurate or a more unfair 
interpretation of my original figure-of-8 than is here attempted. Professor Marey takes what is in reality only 
one half of my figure-of-8. namely, that made by the wing during extension, and makes it represent the whole. In 
extension the arrows (and properly) all point in one direction, but he omits to state, as I did very clearly in my 1867 
memoir on Flight (vide abstracts and figures given above), that in flexion everything is reversed, and that the 

VOL. III. B 
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figure-of-8 made by the wing in flexi&n ia the opposite of that made by it in extension, and that as a consequence, 

the arrows in my completed figure are reversed (vide Fig. 317, p. 1080), as in Professor Marey's own figure. I, 

moreover, distinctly pointed out thai the down and up atrokea croag each other. 

That I was quite aware that the arrows in the figure-of-8 made during the extension and flexion of the wing 
are reversed is abundantly proved by the descriptions and 
illuBtiations given in my memoir on Flight in the Trans- 
adiona of the iMinean Society (1867), where the reader will 
find (pp. 248 and 249) no fewer than nine figures in illustration 
of this very point. Two of the figures are given at p. 1079 
(Figs. 306 and 307). 

I am at a loss to understand what Professor Marey means 
when he says that the crossing of the 8 would, according to 
me, be formed by the wing during one of the phases of its 
revolution. In my original iigure-of-8, and in my description 
thereof, / have invariably spoken of the two phases of exten- 
sion and flexion ; extension being associated with the down 
stroke, and flexion with the up stroke. Professor Marey 
further avers that according to me " the crossing of the 8 
would be formed by a complete reversal of the plane of the 
wing during one of the phases of its revolution." I have just 
explained that there are two phases in the revolution of the 
wing, and he cannot possibly take exception to my statement 
that the wing reverses ite planes during extension and flexion, 
for he says in another part of his work (pp. 177, 188, and 

!!)!>) that : " The luminous appearance given during flight by the gilded wing of an insect, shows that during the 

alternate movements of flight, the plane of the wing changes its inclination with respect to the axis of the insect's 

body, and that the upper surface of the wing turns a little backward during the period of ascent, whilst it is 

inclined forward a little during its descent." ..." We now know all the movements executed by an insect's 

wing during its revolution, as well as the double change of 

plane which accompanies them." . , . "We shall find in the 

employment of the graphic method, new proofs of changes 

in the plane of the wing during flight. This phenomenon 

is of great importance, for in it we seem to find the proxi- 
mate cause of the motive force which urges forward the body 

of the insect." (The italics are mine.) 

Now as regards Professor Marey's own figures illustrating 

the figure-of-ft made by the wings of the insect, I venture to 

assert that they are in several respects inaccurate and largely 

imaginary. For example, he represents the wings of the wasp 

as making vertical figure-of-8 movements when the wings are 

made to vibrate (see annexed Fig. 319). 

The wasp, I would observe, never flies in the manner 

indicated in Professor Marey's figm%. On the contrary, the 

wings of the wasp and of the majority of insects make oblique 

and more or less horizontal figure-of-8 movements in 

I fully explained the oblique nature of the stroke of the 

insect's wing and figured it in 1867. I also pointed out 

that the insect reversed the plane of its wings when making 

the figure-of-8 movement. In 1870,' I described and de- 
lineated how the wasp reversed the planes of it« wings during extension and flexion, at each successive down 

and up stroke (Figs. 320, 321, 322, and 323). 

Professor Marey has curiously enough corroborated, after a considerable interval, my analysis of the more 

or less horizontal figure-of-8 movements, and the reversal of the planes of the wing of the insect during extension 

and flexion in every particular. His corroboration of my analj^is is as complete as was his corroboration of my 

I "Oil Ihf PhjBiulogy of Wings." {Tran.t'irl has t.f llf, Rmjnl So-lelii "f E'lh'In.T.jh, v-il. xxvi.l 
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original outlined figure-of-8. I subjoin Professor Marey's figure (Fig. 324) giving details of said analysis, and it 
will be seen that if my Figs. 322 and 323 be superposed, as I state they would be in nature, and the compound 
figure compared with Professor Marey's figure (Fig. 324), no difference whatever can be detected. The figures are 
literal transcripts of each other. Professor Marey's figure might very well be taken for a copy of my own. 
It will be observed that the figure-of-8 now given by Professor Marey (Fig. 324) as representing the change of plane 
in the insect's wing is no longer vertical as in his original wasp (Fig. 319) but more or less horizontal^ as I explained 
it should be. 

Looking at the whole subject, I cannot help feeling that Professor Marey's ideas of the figure-of-8 movements 
made by the wing are exceedingly hazy, and am forced to conclude that he adopted my figure-of-8 representations 
of them without fully comprehending what the figure-of-8 really meant. He, moveover, endeavoured to record 
them piecemeal, and in fragments, by means of sphygmographic tracings, some of which he failed to interpret and 
did not quite understand. According to his own showing he required one set of tracings to reveal the upper loop 
of the 8, a second set to reveal the lower loop, and a third set to reveal the crossing of the 8. Without my 
original idea, the tracings would, as a matter of fact, have been equally impossible and unintelligible. 

That Professor Marey owed all, or nearly all, he knew of the figure-of-8 movements made by the wing in flight 
to my descriptions and delineations of this knotty problem published in 1867, nearly two years before he himself 
wrote on the subject of flight, is evident from the following passage, which occurs at p. 234 of his book " Animal 
Mechanism," 1874, under the heading " Trajectory of the Wing of the Bird during Flight." 

Referring to the figure-of-8 made by the insect's wing he says : " We have seen, when treating of the mechanism 
of insect flight, that the fundamental experiment was that which revealed to us 
the (figure-of-8) course of the point of the wing throughout each of its revolutions. 
Our knowledge of the mechanism of flight naturally flowed, if we may so say, from 
this first notion." 

Professor Marey agrees in the main with all I have written on the subject 
of flight ; indeed he almost invariably follows my initiative and corroborates my yw,. 324.— Representation of the 
views, as numerous parallel passages and illustrations in our writings will show clianges in the plane of the insect's 

i -1 L T •• A • 1 T ^- \ TT 1 -r ^ •! ^ .1 wing according to Marey. ("Animal 

(viae Appendix u.. Aerial lx)comotion). He rarely, if ever, strikes out a path Mechanism," 1874. p. 200, Fig. 85.) 
for himself. Nevertheless, he wishes it to be inferred that his theory of flight 

differs materially from mine. His role is largely that of the recorder of events by means of sphygmographic 
tracings, which in the case of the highly complex movements of animals as witnessed in locomotion are, in the 
majority of cases, partial^ inaccurate, and misleading. 

If the alternating, reversing figure-of-8 movements and curves made by the wing in extension and flexion be 
compared with the reversing figure-of-8 movements and curves made by the anterior and posterior portions of the 
fish in swimming, and the complementary figure-of-8 movements and curves made by the extremities of the biped 
and quadruped in walking and running, it will be seen that the several kinds of locomotion in the vertebrate series 
conform to a common law. It will further be seen, that the size and shape of the travelling surfaces by which 
locomotion is effected are, in every instance, carefully adapted to the medium to be traversed, making forethought 
and design practically a necessity. 

The tail of the fish, the extremities of the biped and quadruped, and the wing of the bird, when moving, 
describe waved tracks. Thus the wing of the bird, when it is extended and flexed and made to oscillate, is thrown 
into double or figure-of-8 curves like the body of the fish. When, moreover, the wing ascends and descends to make 
the up and down strokes, it rotates within the facettes or depressions situated on the scapula and coracoid bones, 
precisely in the same way that the arm of a man rotates in the glenoid cavity, or the leg in the acetabular cavity 
in the act of walking. The ascent and descent of the wing in flying correspond to the steps made by the extremities 
in walking, the wing rotating upon the body of the bird during the down stroke, the body of the bird rotating on 
the wing during the up stroke. When the wing descends it describes a downward and forward curve, and elevates 
the body in an upward and forward curve. When the body descends, it describes a downward and forward curve, 
the wing being elevated in an upward and forward curve. The curves made by the wing and body in flight form, 
when united, waved lines, which intersect each other at every beat of the wing. The wing and the body act upon 
each other alternately (the one being active when the other is passive), and the descent of the wing is not more 
necessary to the elevation of the body than the descent of the body is, in a measure, to the elevation of the 
wing. It is thus that the weight of the flying animal is utilised, slip avoided, and continuity of movement 
secured (Fig. 325). 

As to the actual waste of tissue involved in walking, swimming, and flying, there is much discrepancy of 
opinion. It is commonly believed that a bird exerts quite an enormous amount of power as compared with a 
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fish ; a fi&h exerting a much greater power than a land animal. This, there can be no doubt, is a popular delusion. 
A bird can fly for a whole day, a fish can swim for a whole day, and a man can walk for a whole day. If so, the 
bird requires no greater power than the fish, nor the fish than the man. The speed of the bird as compared with 
that of the fish, or the speed of the fish as compared with that of the man, is no criterion of the power exerted. 
The speed is only partly traceable to the power. As has been explained, it is due in a principal measure to the 
shape and size of the travelling surfaces, the density of the medium traversed, the nature of the fulcrum on which 
the travelling organs act, the resistance experienced to forward motion, and the part performed by the mass of the 
animal, when moving freely in space. It is erroneous to suppose that a bird is stronger, weight for weight, than 
a fish, or a fish than a man. It is equally erroneous to assume that the exertions of a Qying animal are herculean 
as compared with those of a swimming or walking animal. Observation and experiment incline me to believe just 
the opposite. A flying creature, when fairly launched in space (because of the part which weight plays in flight, 
the speed attained, and the little resistance experienced in forward motion), sweeps through the air with almost no 
exertion.^ This is proved by the sailing flight of the albatross, and by the fact that some insects can fly when two- 
thirds of their wing area have been removed. (Original experiments by me in this connection, are detailed further 
on.) These observations are calculated to show the grave necessity for stud}ang the media to be traversed ; the 
fulcra which the media furnish, the size, shape, and movements of the travelling surfaces, the speed attained, &c. 

The travelling surfaces of animals, as has been explained, furnish 

the levers by whose instrumentality the movements of walking, 

swimming, and flying are effected. 

By comparing the flipper of the seal, sea-lion, and walrus 

with the fin and tail of the fish, whale, porpoise, &c. ; and the 
Fio. 32.5— SI10W8 the waved trajectones formed by the wing of the penguin (a bird which is incapable of flight, and 

Hiiialler waved line formed hy the descent and ascent of the bird, I have been able to show that a close analogy existS 

S^-ltdV^H wh«X^i!;„i^:^rirJ:f" Tt:;Z:u between the flippers, fins, and tails of sea mammals and fishes 
from I to 6 indicate the down and up strokes made by the on the one hand, and the wings of insects, bats, and birds 

winirs. The curves fomied by the wines and )K)dy intersect .1 ,1- j.i, j. j.i, -*.• 11 j i.* 11 i.i. ^ 

and so furnish a fiKnm>-of-8 trajectory (tlie Author. 1870). ^^ ^^e Other; that theoretically and practically these organs, 

one and all, form flexible helices or screws, which, in virtue of 
their rapid reciprocating movements, operate upon the water and air by ' a wedge-action after the manner of 
twisted or double inclined planes. The twisted inclined planes act upon the air and water by means of curved 
surfaces, the curved surfaces reversing, reciprocating, and engendering a wave pressure, which can be continued 
indefinitely at the will of the animal. The wave pressure emanates in the one instance mainly from the tail of the 
fish, whale, porpoise, &c., and in the other from the wing of the insect, bat, or bird — the reciprocating and opposite 
curves into which the tail and wing are thrown in swimming and flying constituting the mobile helices, or scretffs, 
which, during their action, produce the precise kind and degree of pressure adapted to fluid media, to which 
they respond with the greatest readiness. Similar remarks apply to the travelling organs of bipeds and quadrupeds 
when walking or running on land. 

In order to prove that sea mammals and fishea swim, and insects, bats, and birds fly, by the aid of curved 
figure-of-8 surfaces, which exert an intermittent wave pressure, I constructed artificial fish-tails, fins, flippers, and 
wings, which curve and taper in every direction, and which are flexible and elastic, particularly towards the tips 
and posterior margins. These artificial fish-tails, fins, flippers, and wings are slightly twisted upon themselves, and 
when applied to the water and air by a simple to-and-fro movement, or by a sculling figure-of-8 motion, curiously 
enough reproduce the curved surfaces and movements peculiar to real fish-tails, fins, flippers, and wings, in swimming, 
and flying. 

Propellers formed on the fish-tail and wing model are, I find, the most effective that can be devised, whether 
for navigating the water or the air. To operate efiiciently on fluid, or yielding media, the propeller itself must peld. 
Of this I am fully satisfied from observation and experiment. The propellers at present employed in navigation 
are, in my opinion, faulty both in principle and application. 

The observations and experiments here recorded date from 1864. In 1867 I lectured on the subject of animal 
mechanics (more particularly, flight in relation to aeronautics), at the Royal Institution of Great Britain : * in June 
of the same year (1867) I read a memoir " On the Mechanism of Flight " to the Linnean Society of London ; ^ and 

* A flying cix^ature exei*t« its greatest jK)wer when rising. The j-tt'ort is of sliort duration, and inaugurates rather tlian [lerpctuates flight 
If tlie volant animal vhii launch into 8i>ai.^e from a height, the preliminary effort may W disi>en8c»d with, as in tliis ease the weight of the animal 
acting \\\nm the inclined })lanes formed by the wings gets up the initial velocity. Swallows and Imts often allow themsi'lves to fall into s]jace 
when l)eginning their aerial voyages. 

2 "On the various Modes of Flight in Relation to Aert)nautics.'' {Pntcccdimjs n/ the Jioi/ai Iiustitntion 0/ f/mtf Britain, March 22, 1S67.) 
' "On the Mechanical A])pliances by which Flight is attain«'d in the Animal Kingdonj." {Tnuimrtions <>/ the Lin man Sm'iety^ vol, xxvi.) 
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in August of 1870 I communicated a memoir " On the Physiology of Wings " to the Royal Society of Edinburgh.^ 
These memoirs extend to 200 pages quarto, and are illustrated by 190 original drawings. The conclusions at which 
I arrived, after a careful study of the movements of walking, swimming, and flying, are briefly set forth in a 
letter addressed to the French Academy of Sciences in March 1870. This the Academy did me the honour of 
publishing in April of that year (1870) in the Comptes Rendus, p. 875. In it I claim to have been the first to 
describe and illustrate the following points : — 

L That bipeds and quadrupeds walk, and fishes swim, and insects, bats, and birds fly by figure-of-8 movements. 

2. That the flipper of the sea-lion, the swimming wing of the penguin, and the wing of the insect, bat, and 
bird, are screws structurally, and resemble the blades of an ordinary screw-propeller. 

3. That those organs are screws functionally, from their twisting and untwisting, and from their rotating in 
the direction of their length, when they are made to oscillate. 

4. That they have a reciprocating action, and reverse their planes more or less completely at every stroke. 

5. That the wing describes a figure-of-S track in space when the flying animal is artificially fixed. 

6. That the wing, when the flying animal is progressing at a high speed in a horizontal direction, describes 
a looped and then a waved track, from the fact that the figure.of-8 is gradually opened out or unravelled as the animal 
advances. 

7. That the wing acts after the manner of a kite, both during the down and up strokes. 

I was induced to address the letter in question to the French Academy of Sciences from finding that, nearly 
two years after I had published my views on the figure-of-8, looped, and waved movements made by the wing, &c., 
Professor E. J. Marey (College of France, Paris) published a series of lectures and papers in the Revue des Cours 
Scientifiques de la France et de F Stranger,^ and in the Comptes Rendus hebdomadaires des SSances de VAcadimie des 
Sciences^ in which the peculiar figure-of-8 movements, first described and figured by me, were put forth as a new 
discovery. The accuracy of this statement will be abimdantly evident when I mention that my first lecture, " On 
the various Modes of Flight in Relation to Aeronautics," was published in the Proceedings of the Royal Institution 
of Oreat Britain on the 22nd of March 1867, and translated into French (Revue des Cours Scientifiques de la France 
et de r£tranger) on the 2l8t of September 1867 ; whereas Marey's first lecture, " On the Movements of the Wing of 
the Insect " (Revue des Cours Scientifiques de la France et de r£tranger), did not appear until the 13th of February 1869. 

Professor Marey in his lectures and papers made no allusion to my researches, which was the more remarkable 
as my first lecture on flight, referred to, appeared in the same French Journal * in which a lecture by him " On the 
Registering Instruments employed in Biology " appeared. Indeed part of his lecture occurs on the same page as 
that on which mine terminates. 

Professor Marey, before replying to my letter addressed to the French Academy of Sciences, wrote me privately 
to inquire how he could reply to my " Juste reclamation," without entering into a discussion which would needlessly 
complicate the question. I thereupon requested him to admit in a letter addressed to the French Academy my 
claim to have described and illustrated before him the figure-of-8 movements made by the wings of insects, bats, 
and birds when those animals are artificially fixed, and of the spiral and undulating wave-tracks made by the wing 
of said insects, bats, and birds when the animals are flying at a high horizontal speed. This he did, as the 
subjoined extract from his letter to the French Academy, printed in the Comptes Rendus for May 16th, 1870 
(p. 1093), shows. He admits my claim to priority in the following terms : " I have ascertained that in reality Mr. 
Pettigrew has been before me, and represented in his memoirs the figure-of-8 track made by the wing of the insect, 
and that the optic method to which I had recourse is almost identical with his. But we differ entirely as to the 
interposition of the trajectory seen by us both. I hasten to satisfy this legitimate demand, and leave entirely to 
Mr. Pettigrew the priority over me relatively to the question as restricted." 

Professor Marey's restriction, it should be remarked, refers not to the figure-of-8 itself, but to matters of detail 
in which, as already explained, I believe him to be in error, and I hope to be able to show further on that notwith- 
standing his reservation as to our interpretation of the figure-of-8 he corroborates nearly everything I have written 
on the subject. 

That we are substantially in agreement, and that he derived the cue to his flight researches from my original 
figure-of-8, is abundantly evident from his own remarks in another place,^ where, when speaking of the " trajectory 

* "On thf PhyHioldgy of Wings." ( Trtinsiidioiks of the Rotjal Sttf-icfif of Ediiihanjh^ vol. xxvi.) 

* "Lea niouvt'inenta de I'aile clu'z los inMt^ctos," p. 171, 13 Feviner 1869. *' Mccanisme du vol ehez les insectes — comment se fait la 
l»ropulsioii," p. 252, 20 Mara 1869. " Du vol des oiswiux," y. 578, 14 Aoftt 1869. " Du vol des oise^iux (suite)," p. 601, 21 AoOt 1869. 
" Du vol desoiseaux (suite)," p. 646, 11 Septembre 1869. " Du vol des oiseaux (fin)," j). 700, 2 Octolire 1869. 

^ "Determination exiJ^rimentale du niouveinent des ailes des insectes pendant Ic vol." Par M. E. J. Marey. Tome Ixvii., p. 1341; 
tome Ixviii., p. 667. 

* Itrvuf ticH Cours Srienlijique.s dr la Frtnice cf de V Etrainjtr, 21 Sept<'mbre 1867. 

* "Animal Mechanism." International Scientific Series. 1874. p. 234. 
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of the wing of the bird during flight," and, as I have abready pointed out, he says : " We have seen, when treating 
of the mechanism of insect flight, that the fundamental experiment was that which revealed to us the (figure-of-8) 
course of the point of the wing throughout each of its revolutions. Our knowledge of the mechanism of flight 
naturally floived, if toe may so say, from this first notion.^^ (The italics are mine.) It is easy to apply recording 
apparatus to illustrate and verify a principle once discovered, explained, and illustrated, and this is all Professor 
Marey has done so far as the figure-of-8 and waved movements made by the wing are concerned. Mere mechanical 
corroboration, however, does not add to or take from the importance of the original discovery, neither does it 
establish a claim to any part of the discovery as Professor Marey seems to think. 

A history of the figure-of-8 movements made in walking, swimming, and flying, especially the latter, as originally 
described and figured by me, is given in my memoir " On the Physiology of Wings," communicated to the Royal 
Society of Edinburgh on the 2nd of August 1870 {Trans. Roy. Soc. Edin., vol. xxvi.). I may also direct attention 
to an appreciative article on my flight researches and claims to priority, as regards the figure-of-8 and waved 
movements made by the wing, published by Professor Coughtrie in the Quarterly Journal of Science for April 1875, 
with the title, " Pettigrew versus Marey." In the article in question Professor Coughtrie gives dates and parallel 
passages which explain themselves and may interest the reader. The passages in question are numerous and 
important, and establish priority, not in one, but in many directions. The coincidences in the passages as to 
facts are, to say the least, very striking, especially when priority of discovery is taken into account. Professor 
Coughtrie's article forms Appendix ii. of the present work. 

The figure-of-8 theory of flying, originally propounded by me in the lecture, papers, and memoirs referred to, 
has been confirmed not only by the researches and experiments of Professor Marey, but also by those of M. Senecal, 
M. de Pastes, M. Ciotti, and others. Its accuracy is no longer a matter of doubt. 

Before leaving this subject, it seems necessary to re-affirm that the restriction made by Professor Marey, 
of which he hes made so much, was, in reality, based upon an erroneous and inaccurate interpretation of my 
descriptions and drawings of the figure-of-8 and waved movements made by the wings, originally published in the 
twenty-sixth volume of the Transactions of the Linnean Society of London. Professor Marey also greatly blundered 
as to the figure-of-8 spiral movements made in locomotion generally, and as to the screw configuration and function 
of the travelling organs of animals as a whole. 

In speaking of the curves made by the wing which I was the first to describe and delineate ^ (Figs. 306 to 313 
inclusive), he says : '* If we take a dead bird, and spread out its wings, we see that at different points in its 
length the wing presents very remarkable changes of plane. At the inner part, towards the body, the wing 
inclines considerably both downwards and backwards, while near its extremity, it is horizontal and sometimes 
slightly turned up, so that its imder surface is directed somewhat backward. Dr. Pettigrew thought that he could 
find in this curve a surface resembling a left-handed screw propeller : struck with the resemblance between the form 
of the wing and that of the screw used in navigation, he considered the wing of a bird as a screw of which the air 
formed the nut. We do not think that we need refute such a theory. It is too evident that the alternating type 
which belongs to every muscular movement cannot tend to produce the propulsive action of a screw ; for while 
we admit that the wing revolves on an axis, this rotation is confined to the fraction of a turn, and is followed by 
rotation in the opposite direction, which in a screw would entirely destroy the effect produced by the previous 
movement. And yet the English writer to whose ideas we refer has been so fully convinced of the truth of his theory 
that he has wished to extend it to the whole animal kingdom. He proposes to refer locomotion in all its forms, 
whether terrestrial, aquatic, or aerial, to the movements of a screw propeller." ^ 

In reply to Professor Marey's remarks quoted above, I have to observe that it required not even a rudimentary 
knowledge of anatomy to realise that wings, fins, fish-tails, and the travelling organs of animals could not be made 
to rotate continuously as the screw propeller of a ship does. Their attachment to the bodies to which they belong 
forbids this. They can, nevertheless, perform well-marked rotatory screw movements. The wing of the bird 
during flexion and extension, and in certain movements, can rotate from anything up to and over a quarter of a turn ; 
and the forearm and hand in man during pronation and supination, aided by circumduction, can make quite three- 
quarters of a turn. The travelling organs of the higher animals are certainly screws structurally and act as such 
functionally. A glance at the extremities of the skeleton of the biped and quadruped will settle the structural 
point, and a cursory study of the movements of the extremities during life will settle the functional point. The 
difference between the screw propeller of a ship and the travelling organs of animals consists mainly in this : (a) the 
propeller is rigid, and the travelling organs are elastic ; and (6) the travelling organs, as I was careful to point out, 
form reversing reciprocating screws, that is, they do not rotate always in one and the same direction. This, 

> Transitdt'on:^ nf the Linman StH-iety^ London^ vol. xxvi., i»i». 248, 249 (read to tlie Society, June 6 and 20, 1867). 

'-^ " Animal Mcclianisni : a Trt-atise on Terrestrial and Aenal Loooniotion/' )>y Professor E. J. Marey. London, 1874, pp. 210, 211. 
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however, does not vitiate the fact, that the travelling organs are screws structurally and functionally. The 
peculiarity of the travelling organs consists in their alternately suddenly seizing and letting go (after the manner 
of screws) the earth, water, and air which form their fulcra. 

This double power the propeller also possesses. When driven in one direction it causes the ship to forge ahead, 
when driven in another and opposite direction the vessel is made to 8<iit stern lirat. The same is true of an 
ordinary screw-nail. When projected into timber by the aid of a screw-driver in one direction the screw-nail bites, 
jams, and becomes fixed cr it ia screwed home. When the screw-driver is made to act in an opposite direction 
the screw-nail lets go and extricates itself from the timber. It can be made to seize and let go the timber alter- 
nately, precisely as the travelling organs do. This is its chief merit, as it is that of the screw propeller. Both 
possess a double power. They can be made to reciprocate and act in diametrically opposite directions without 
ceasing to be screws. The same is true of the auger and gimlet. This is exactly what happens in the travelling 
organs of the higher animals in locomotion. They are applied as reversing reciprocating screws to the earth, 
water, and air which form their objectives or fulcra. The sinuous gliding movements of the screw are, mechani- 
cally speaking, the most perfect that can be devised for the purposes of locomotion. 

It is necessary to state, in this connection, that Professor Marey, intentionally or unintentionally, has always 
misinterpreted and misrepresented my views as regards animal locomotion, and I am compelled to record the 
opinion, that he either did not know, or wilfully ignored the fact, that the bones forming the spinal column, 
scapulte, and pelvis, and the extremities of bipeds and quadrupeds, and their jointa, are each and all spiral 
in their nature, and that the muscles of the trunk and extremities are spirally adapted to the bones, making the 
figure-of-8 screwing movements, to which I have directed attention, not a matter of accident but of design and 
necessity. His methods of recording the spiral, screw, and other movements referred to, as the result* obtained by 
him in his " Animal Mechanism," 1874, conclusively proved, were wholly inadequate. 

In order to be fully convinced that the anterior and posterior extremities of the higher animals rotate in the 
direction of their length, and twist and plait to form diagonal figure-of-8 curves, one has only to examine instan- 
taneous photographs of quadrupeds, birds, and men walking. Theae photographs reproduce the actual movements, 
not piecemeal, but in their totality ; they give the movements not only of the part« but of the whole animal. Such 
results could not possibly be obtained by any form of mechanical registering apparatus, however extensive and 
complicated. The sphygmograph ia a crude and unreliable instrument when called upon to register the subtleties 
of locomotion where many parts are moving at the same instant, and where the movements imperceptibly and 
rapidly glide into each other. Aided and guided by instantaneous photography we can see that the spiral figure-of-8 
movements made by the limbs in bipeds and quadrupeds are due, in part, to the diagonal spiral twisting movements 
occurring at the shoulders and hips. As a matter of fact, the fi^re-of-8 movements of the limbs primarily 
emanate from the trunk. In the same way that the limbs are to be regarded as buds or otlshoots from the trunk, 
so the figure-of-8 movements of the limbs are to be regarded as repetitions ol similar movements occurring in the 
trunk itself. (See Figs. 326 to 333.) 




FiQ. 3S6. — Shows the twisting and plaiting in both the anterior and posterior extremities (mile darts) of h mastilT dog when 
walking. 

Fio. 327. — ShoWB the same thiog in the hind legs. 

Fio. S2H. — Shows the plaiting in both the anterior and posterior extremities oE the tiger when walking. 

PlO. 329.— Shows the same thing in the fore legs. 
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Fid. 330.— ShowB the ordinary walk of a horse with the legs apart before the plaiting be|{ins 

Fi'i. ■'131. —Shows the plaiting (i-iik darts) in the Fore legs. 

Fill. 33^.— Shows the pUiting in the hind legs. 

Fia. 33^. — ShnwB the pUitiiig in both the fore and hind legs. 





I. 334. 



). 336. Fro. 336. Fio. 337. 

FlOS. 334 and 33A show the diagonal, reversing, spiral curres made by the right leg ('i), and left shoulder (A), and bj the 
left leg (r), nnd right shoulder (d) of the ostrich in running, as seen from behind. The darts indicate the direction of movement. 
When the right leg is tiexad and raised from the ground the right shoulder is elevated (Fig. 334). When the left teg is flexed 
and raised From the ground, the left shoulder is elevated (Fig. 335). The elevation of the right and left shoulders coincide* 
with the flexing and elevating of the right and left legs and feet. 

Fios. 33<i and 337.— Anterior and posterior views of a nude female walking. Show the twisting and overlappiog of the 
interior extremities at each step as indicated by the diagonal, curved darts. 




m before and behind. Show the double figure- 
B made hy the superiorantt inferior extremities, and the diiubte twisting movements which occur at the shoulders and hips 
in walking. At Fig. 1, the left arm {«) and right leg (!•) advancii together iu curvus (set darts) to make one step. At Fig. 3, tM 
right arm (i^) and left leg [d] advance together in curvus (sec darts) to make a second step. The same movements are seen at 
Fig. 30^. p. 1078, where the interrupted line represents the curves made by the arms in walking : the continuous line representing 
those made by the legs. The twisting movements which occur at the shoulders and hips in walking are suen at k, I ana m, n (see 
darts): those made by the legs and arms at A, 1 and j, 9. Those are ligure- of -8 movements. In the central figures the extremities 
are in the act of reversing. 
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In Fig. 336 (anterior view) the right leg is leading and making the step. It is plaiting over and round the 
left leg (see curved darts running from right to left). 

In Fig. 337 (posterior view) the left leg is leading and making the step. It is plaiting over and round the right 
leg (see curved darts running from left to right). 

The plaiting in question is, as previously indicated, the outcome of the spiral bones, spiral muscles, spiral joints, 
the pendulum movements of the extremities, permitted by the ball-and-socket joints, and the fundamental diagonal 
screwing movements which occur at the hips. 







Fig. 339. — Nude man running as seen from behind. Shows that in running, as in walking, a diagonal spiral wave of motion 
runs alternately from right to left (see curved darts a, b and e, f) and from left to right (see curved darts c, d, and g, h) at each 
successive step. The diagonal twisting, screwing movements can only be accomplished by primary or preliminary screwing move- 
ments occurring at the shoulders and hips. 

In the famous statue known as the Venus of Milo, the cross diagonal movements, the raising of the shoulder, 
the flexing of the limb on the same side, and the simultaneous advance of an arm and leg on opposite sides of 
the body are seen to perfection. This, the most graceful and powerful of all the Grecian works of art, must have 
been taken from the life and by a master who at once knew his anatomy and his physiology. It is too accurate 
and too realistic to be the product of the imagination. 

I have been fortunate enough to secure a remarkably fine photograph of this celebrated work of antiquity taken 
from the marble itself in the Louvre, Paris, which I here reproduce (Fig. 340). 

The Venus of Milo, it will be seen, is a wonderful embodiment of all that is graceful, tender, and lovely in 
woman. Everywhere there is beauty. The curves, which are exquisite in themselves, run into each other in soft 
flowing lines, making it diflBcult to say where they begin and where they terminate. There are no hardness, no 
angles. Everything is rounded off as if water had flowed over and given the finishing touches to the marble. All 
is sweetness, dignity, and power. A veritable line of beauty marks the mesial line of the figure — a double curve, 
a wave, an elongated letter S, a half figure-of-8. The head, elegant, benign, thoughtful, and finely poised, is inclined 
to the right side, the right shoulder is lowered, what remains of the right arm projecting forwards in a curve. 
The right leg is extended with the right foot placed on the groimd. The left shoulder is raised and the left leg 
flexed and projecting forwards in a curve. The right arm and left leg form opposite complementary curves and 
give to the figure its wonderfully graceful outlines ; the position of the limbs necessitating a diagonal screwing 
or twisting of the trunk at the shoulders and hips, which for subtlety, grace, expression, and strength cannot be 
equalled, far less surpassed. The pose of the figure is simply inimitable. 

The head, neck, and chest bend gracefully to the right, while the loins, pelvis, and left thigh bend gracefully 
to the left. The figure is twisted upon itself. Here the lines and curves of beauty are at their best. The right 
shoulder and hip are depressed ; the left shoulder and hip elevated ; the remains of the right arm and the left 
leg are projecting forwards in curves, the latter being flexed. The root of the left arm and the right leg are 
directed backwards ; the latter being extended. There is no repetition anywhere. Of this, the finest of all the 
Venuses, it may truly be affirmed, as of Cleopatra, 

^* Age cannot wither her, nor custom stale 
Her infinite variety." 

The head and neck, the shoulders, the chest, the loins, the pelvis, the limbs are characterised by a simplicity, 
a sweetness, and a restfulness all their own. Every part of the figure is bi-laterally symmetrical, and yet there 
is everywhere difference. This is the very essence and soul of art, to wit, variety in sameness or in a commonly 
VOL. m. c 
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accepted ideal. The drapery on the lower part of the figure is so delicately chiselled t1 
aeem tianspMent. This is especially true of the drapery covering the left leg. 

While I might readily have expatiated at great length on this noble creation of Gi 
not have been true to nature and art if I had said lees. 

Aa the limits of the present portion of the work will not admit of niy going into I 




Pio. 340.— PhotuKmph ut tho ixluUrAtiHl Vtrni 
Iieauty) made by the lieu, neok, Imly hih) liinliR, 
1^ occupying ft puaterior poaitiini (tjie Aiitluiv), 

which locomotion is attained in Uii> luiiniiil kiiiffilfmi im n wli<il<-, I wil 
describe those movements which ilhiHlriito iu ii |iiii(/i>'nnivi' niiiiiju'r iln' 
and on and in the water and air, I the riiiiri' ii'inlily tirl<r|il lliin iiujihi- u 
the subjects of walking, swimminj;, ami llyiii;^ iimlii ni-|>iiiiil<' Ih-ikIimk^ 
I propose here to analyse tlu> nittiiriil ninvt'iju'iiln ul wiilliiii)j. nuitm 

menta may be reproduced artificially, ami iin u njiil nf llniii in ^hih <ii 

are mainly connected with aerostation. Tlic liiriiriinlixii ut uiiNiiiiln <1<'| 
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in all such as change locality. These adaptations are very various, but under whatever guise they appear they 
are substantially those to which we resort when we wish to move bodies artificially. Thus in animal mechanics 
we have to consider the various orders of levers, the pulley, the centre of gravity, specific gravity, the resistance 
offered by solids, semi-solids, fluids, &c. As the laws which regulate the locomotion of animals are essentially those 
which regulate the motion of bodies in general, it will be necessary to consider briefly at this stage the properties 
of matter when at rest and when moving. They are well stated by Mr. Bishop in a series of propositions which I 
take the liberty of transcribing : — 

§ 329. " Fundamental Axioms. — First, every body continues in a state of rest, or of uniform motion in a 
right line, until a change is effected by the agency of some mechanical force. Secondly, any change effected in the 
quiescence or motion of a body is in the direction of the force impressed, and is proportional to it in quantity. 
Thirdly, reaction is always equal and contrary to action, or the mutual actions of two bodies upon each other are 
always equal and in opposite directions. 

§330. "Of Uniform Motion. — If a body moves constantly in the same manner, or if it passes over equal 
spaces in equal periods of time, its motion is uniform. The velocity of a body moving uniformly is measured by 
the space through which it passes in a given time. 

" The velocities generated or impressed on different masses by the same force are reciprocally as the masses. 

§ 331. "Motion Uniformly Varied. — When the motion of a body is uniformly accelerated, the space it passes 
through during any time whatever is proportional to the square of the time. 

" In the leaping, jumping, or springing of animals in any direction (except the vertical), the paths they describe 
in their transit from one point to another in the plane of motion are parabolic curves. 

§332. "The Legs move largely as Pendulums owing to the Force of Gravitation The Professors 

Weber have ascertained, that when the legs of animals swing forward in progressive motion, they obey the same 
laws as those which regulate the periodic oscillations of the pendulum. 

§333* " Resistance of Fluids. — Animals moving in air and water experience in those media a sensible 
resistance, which is greater or less in proportion to the density and tenacity of the fluid, and the figure, superficies, 
and velocity of the animal. 

" An inquiry into the amount and nature of the resistance of air and water to the progression of animals will 
also furnish the data for estimating the proportional values of those fluids acting as fulcra to their locomotive 
organs, whether they be fins, wings, or other forms of lever. 

" The motions of air and water, and their directions, exercise very important influences over velocity resulting 
from muscular action. 

§ 334- " Mechanical Effects of Fluids on Animals immersed in them.— When a body is immersed in any 
fluid whatever, it will lose as much of its weight relatively as is equal to the weight of the fluid it displaces. In 
order to ascertain whether an animal will sink or swim, or be sustained without the aid of muscular force, or to 
estimate the amount of force required that the animal may either sink or float in water, or fly in the air, it will be 
necessary to have recourse to the specific gravities both of the animal and of the fluid in which it is placed. 

" The specific gravities or comparative weights of different substances are the respective weights of equal 
volumes of those substances. 

§335. "Centre of Gravity— the Lever— its Relation to Stability. —The centre of gravity of any body is 
a point about which, if acted upon only by the force of gravity, it will balance itself in all positions ; or, it is a 
point which, if supported, the body will be supported, however it may be situated in other respects ; and hence 
the effects produced by or upon any body are the same as if its whole mass were collected into its centre of gravity. 

" The attitudes and motions of every animal are regulated by the positions of their centres of gravity, which, 
in a state of rest, and not acted upon by extraneous forces, must lie in vertical lines which pass through their basis 

of support. 

" In most animals moving on solids, the centre is supported by variously adapted organs ; during the flight 
of birds and insects it is suspended ; but in fishes, which move in a fluid whose density is nearly equal to their 
specific gravity, the centre is acted upon equally in all directions." ^ 

* "Cyc. of Anat. and Phy.," Art. '* Motion," by John Bishop, Esq. 
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As the locomotion of the higher animals, to which my remarks more particularly apply, is in all cases effected 
by levers which difEer in no respect from those employed in the arts, it may be useful to allude to them in a 
passing way. This done, I will consider the bones and joints of the skeleton which form the levers, and the muscles 
which move them. 

§ 335 (^)« The Lever. — Levers are commonly divided into three kinds, according to the relative positions 
of the prop or fulcrum, the power, and the resistance or weight. The straight lever of each order is equally 
balanced when the power multiplied by its distance from the fulcrum equals the weight, multiplied by its distance, 
or P the power, and W the weight, are in equilibrium when they are to each other in the inverse ratio of the arms 
of the lever, to which they are* attached. The pressure on the fulcrum, however, varies. 

In straight levers of the frst kind, the fulcrum is between the power and the resistance, as in Fig. 341, where 





Fig. 341. 




B 




W 
FiQ. 343. 




F is the fulcrum of the lever AB ; P is the power, and W the weight or resistance. We have P : W : : BF : AF, 
hence P . AF = W . BF, and the pressure on the fulcrum is both the power and resistance, or P + W. 

In the second order of levers (Fig. 342), the resistance is between the fulcrum and the power ; and, as 
before, P : W : : BF : AF, but the pressure of the fulcrum is equal to W — P, or the weight less the power. 

In the third order of lever the power acts between the prop and the resistance (Fig. 343), where also 
P : W : : BF : AF, and the pressure on the fulcrum is P — W, or the power less the weight. 

In the preceding computations the weight of the lever itself is neglected for the sake of simplicity, but it 
obviously forms a part of the elements under consideration, especially with reference to the arms and legs of aninoab. 

To include the weight of the lever we have the following equations : P.AF + AF.iAF = W.BF + BF . J BF ; 
in the first order, where AF and BF represent the weights of these portions of the lever respectively. Similarly, 

- AF BF 

in the second order, P . AF = W . BF + AF . — ; and in the third order, P . AF = W . BF + BF . ,,-. 

In this outline of the theory of the lever, the forces have been considered as acting vertically, or parallel to 
the direction of the force of gravity. 
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§ 336. Bones. — " The solid framework or skeleton of animals which supports and protects their more delicate 
tissues, whether chemically composed of entomoline, carbonate, or phosphate of lime ; whether placed internally 
or externally ; or whatever may be its form or dimensions, presents levers and fulcra for the action of the muscular 
system, in all animals furnished with earthy solids for their support, and possessing locomotive power." ^ The 
levers and fulcra are well seen in the extremities of the deer, the skeleton of which is selected for its extreme 
elegance (Fig. 344). 

While the bones of animals form levers and fulcra for portions of the muscular system, it must never be forgotten 
that the earth, water, and air form fulcra for the travelling surfaces of animals as a whole. Two sets of fulcra aie 
therefore always to be considered, namely, those represented by the bones, and those represented by the earth, 
water, or air respectively. The former when acted upon by the muscles produce motion in difierent parts of the 
animal (not necessarily progressive motion) ; the latter when similarly influenced produce locomotion. Locomotion 
'\& greatly favoured by the tendency which the body once set in motion has to advance in a straight line. The 
form, strength, density, and elasticity of the skeleton varies in relation to the bulk and locomotive power of the 
animal, and to the media in which it is destined to move. 

" The number of movable articulations in a skeleton determines the degree of its mobility within itself ; and 
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the kind hiwI number of the articulations of the locomotive organs determine the number and dispoBition of the 
muscleB acting upon them. 

'*The bones of vertebrat«d animals, especially those which are entirely terrestrial, are much more elastic, hard, 
and calculated by their chemical elements to bear the shocks and strains incident to terrestrial progression, than 
those of the aquatic vertebrata ; the bones of the latter being more fibrous and spongy in their texture, the 
skeleton is more soft and yielding." 

The bones of the higher orders of animals are constructed according to the most approved mechanical 
principles. Thus they are convex externally, concave within, and strengthened by ridges running across their discs, 
as in the scapular and iliac bones ; an arrangement which aflords large surfaces for the attachment of the powerful 
muscles of locomotion. The bones of birds in many cases are not filled with marrow but with air — a circumstance 
which insures that they shall be very strong and very light. 

In the thigh bones of most animals an angle is formed by the head and neck of the hone with the axis of the 
body, which prevents the weight of the superstructure 
coming vertically upon the shaft, converts the bone into 
an elastic arch, and renders it capable of supporting the 
weight of the body in standing, leaping, and in falling 
from considerable altitudes. 

§336(«). Joints — " Where the limbs are designed 
to move to and fro simply in one plane, the ginglymoid 
or hinge-}oint is employed ; and where more extensive 
motions of the limbs are requisite, the enarthrodial, or 
ball-and-socket joint, is introduced. These two kinds 
of joints predominate in the locomotive organs of the 
animal kingdom. 

"The enarthrodial joint has by far the most ex- 
tensive power of motion, and is therefore selected for 
uniting the limbs to the trunk. It permits of the 
several motions of the limbs t«rmed pronation, supina- 
tion, flexion, extension, abduction, adduction, and rota- 
tion upon the axis of the limb or bone about a conical 
area, whose apex is the axis of the head of the bone, 
and base circumscribed by the distal extremity of the 
limb." ' 

The ginglymoid or hinge-joints are for the most 
:t spiral in their nature. They admit in certain 
cases of a limited degree of lateral rocking. Much 
attention has been paid to the subject of joints (par- 
ticularly human ones) by the brothers Weber, Professor 

Meyer of Ziirich, and likewise by Langer, Henke, Meissner, and Goodsir. Langer, Henke, and Meissner succeeded 
in demonstrating the " screw configuration " of the articular surfaces of the elbow, ankle, and calcaneo-astragaloid 
joints, and Goodsir showed that the articular surfaces of the knee-joint consist of " a double conical screw 
combination." The last-named observer abo expressed his belief " that articular combinations with opposite 
windings on opposite sides of the body, similar to those in the knee-joint, exist in the ankle and tarsal, and 
in the elbow and carpal joints ; and that the hip and shoulder joints consist of single threaded couples, but also 
with opposite windings on opposite sides of the body." I have succeeded in demonstrating a similar spiral 
configuration in the several bones and joints of the wing of the bat and bird, and in the extremities of most 
quadrupeds. The bones of animals, particularly the extremities, are, as a rule, twisted levers, and act after 
the manner of screws. This arrangement enables the higher animals to apply their travelling surfaces to the 
media on which they are destined to operate at any degree of obliquity so as to obtain a maximum of support or 
propulsion with a minimum of slip. If the travelling surfaces of animals did not form screws structurally and 
functionally, they could neither seize nor let go the fulcra on which they act with the requisite rapidity to secure 
speed, particularly in water and air. 

' BUbop, op. cit. 




Fla. 344.— Skeleton of the deer. The Iwues ii 
thU the BeeteBt of quBdnipeds are inclineil very ohlii^uelj tnw&rds each 
other, and tovarde the BCa]xi1ar and iliac houes. This arr&ngement in- 
creases the leverage of the muscular Hysteiii and confers f?reftt'ra|Hdity 
on the moving [jartii. It augments elasticity, diniiuiahcs shock, and 
indirectly begets continuity of movement, a. Angle fonned by the 
f«TQur nith the ilium 1 A. anah formed liy the tiliia and lilnila with the 
femur J c. angle fornimi hy the cannon bone with the tibia and lihnta ; 
formed hy the (ihalanges with the 



part spiral in their nature. They admit in certain formed bv the humerus with the scapula ; /, an^le fonncd by 

radius and ulna witii the humerus ; ij, angle formed bv the cannon 1 
with the radius and ulna ; h, angle formed by tlie phalanges with the 
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§ 336 (6). '* Ligaments. — The function of the ligaments with respect to locomotion, is to restrict the degree 
of flexion, extension, and other motions of the limbs within definite limits. 

§ 337. " Effect of Atmospheric Pressure on Limbs.— The influence of atmospheric pressure in supporting 
the limbs was first noticed by Dr. Amott, though it has been erroneously ascribed by Professor Miiller to Weber. 
Subsequent experiments made by Dr. Todd, Mr. Wormald, and others, have fully established the mechanical 
influence of the air in keeping the mechanism of the joints together. The amount of atmospheric pressure on 
any joint depends upon the area or surface presented to its influence, and the height of the barometer. According 
to Weber, the atmospheric pressure on the hip joint of a man is about 26 lbs. The pressure on the knee joint 
is estimated bv Dr. Arnott at 60 lbs." ^ 



ACTIVE ORGANS OF LOCOMOTION 

§ J38. Muscles, their Properties, Arrangement, Mode of Action, &c. 

If time and space had i)crmitted, I would have considered it my duty to describe, more or less fully, the 
muscular arrangements of all the animals whose movements I propose to analyse. This is the more desirable, as 
the movements exhibited by animals of the higher types are directly referable to changes occurring in their 
muscular system. As, however, I could not hope to overtake this task within the limits prescribed for the present 
work, I shall content myself by merely stating the properties of muscles ; the manner in which muscles act ; and 
the manner in which they are groui)ed, with a view to moving the osseous levers which constitute the bony 
framework or skeleton of the animals to be considered. Hitherto, and by conmtion consent, it has been believed, 
that whereas a flexor muscle is situated on one aspect of a limb, and an extensor on the other aspect, these two 
muscles must be opposed to and antagonise each other. This belief is founded on what I regard as an erroneous 
assumption, namely, that muscles have only the power of shortening, and that when one muscle, say the flexor, 
shortens, it must drag out and forcibly elongate the corresponding extensor, and the converse. This would be a 
mere waste of power. Nature never works against herself. Moreover, muscular fibres which are made to contract 
artificially relax and elongate when left to themselves. There are good grounds for believing, as I have stated 
elsewhere,'^ that there is no such thing as antagonism in muscular movements ; the several muscles known as the 
flexors and extensors, abductors and adductors, pronators and supinators, &c., alwajrs acting together simul- 
taneously, and being complemental, correlated, and conditioned. 

The prevailing theory of muscular action is wholly at variance with the movements which are known to take 
place in the involuntary muscles, such as the heart, stomach, bladder, and uterus. In these viscera, the muscular 
fibres run in longitudinal, slightly oblique, oblique, and more or less transverse spiral directions ; each fibre and 
set of fibres having complemental or opposing fibres which everywhere balance and cross each other. Here there 
are what, according to accepted views, would be typical, antagonistic muscular arrangements ; yet, when the 
viscera open and close, which they do continually, the complemental or opposing fibres do not contend with and 
drag out their so-called antagonists. On the contrary, the various sets of fibres act consentaneously and harmoni- 
ously ; all the fibres displaying centrifugal movements when the viscera are to be opened, and centripetal ones when 
they are to be closed. In no instance do the fibres on one side of the viscera contend with those on the opposite 
side. That the centrifugal and centripetal movements of muscles are sjwntaneous and independent is proved by 
the action of the hollow viscera, especially those with sphincters (stomach, bladder, ^c). The sphincters cannot 
be forcibly opened by the contractions of the bodies of the viscera. Neither can the thick, powerful ventricles of 
the heart be forcibly opened by the contraction of the thin auricles. The sphincters and ventricles must relax and 
open of themselves. This argument is entitled to great consideration, from the fact that the involuntary muscular 
fibres are, in a sense, the parents of the voluntary ones both as regards structure and function. The voluntary 
muscles, when they act, operate upon bones or something extraneous to themselves?, and not upon each other. 
These muscles are folded round the extremities and trunks of animals with a view t^ operating in masses. For 
this purpose they are arranged in cycles ; the extensor, abductor, and pronator muscles forming one half of the 
cycles, the flexors, adductors, and supinators the other. 

Within these muscular cycles the bones, or extran(H)us substances to be moved, are placed, and when one side 
of a cycle shortens, the other side elongates ; the short^^ning and elongating movements occurring simultaneously 

* Hishop, oil. cit. . . t», ^ . ^, T A • 1 1 . .. ,, 

2 " I/ectures on the Physiology of the Circulutiou 111 IMaiits. 111 thi- Lower AimiialH, .uhI 111 Man. {Kili,ihin',jh Mofintl Journal for Januiry 

and February 1873.) 
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and indepeodently. Muscles (as indicated) possess the double power of closing and opening, or what is the same 
thing, of shortening or contracting, and of elongating or relaxing. In other words, muscles are endowed with 
independent centripetal and centrifugal movements. The centripetal and centrifugal action of muscle is well 
illustrated by the movements of the mechanical arrangement known as lazy tongs, where there is change of shape 
without either increase or diminution of substance (Fig. 345 A, B). 

The muscular cycles are placed at every degree of obliquity and even at right angles to each other, but they 





Flo. 345. 



FiQ. 346. 



Fio. 345.— A, B, illuBtr&te the centripetal (A) and centrifugal (B) action of miiBcle, and how & muicle, say an extensor, 
Bbortens (A) when the flesor elongates (B), and viee vend. This figure alao illustratOB how the angles made by the bonoa of th« 
extremitieB with each other in locomotion are diminished and the limb flexed or shortened (A, n. ii, r), and how thej are incresaed 
and the limb extended or elongated (B, rl, t, f). The flexion and extension of the limbs are a miie 7110 iidh in the locomotion of all 
the hiifher animals (the Author, 1672). 

Fig. .146.— Shows muscular cycle Eornied by the biceps (u) and triceps (b) of the human arm. The forearm is half flexed on the 
arm ; the flexion bein^r caused by the simultaneous, centripetal shortening action of the biceps (see darts m) and the corresponding 
centrifugal elongating action of the triceps (see darts n). In the biceps the sarcous elements (m) are elongating transversely : the 
muscle as a whole shortening or contracting. In the triceps the sarcous elements (n) are elongating longitudinally : the muscle, 
as n whole, lengthening or relaxing. 

When the forearm is extended everything is reversed ; the sarcous elements of the biceps in this case elongating longitudinally, 
while the sarcous elements oF the triceps elongate transversely. One side of the muscular cycle closes while the other opens both 
in flexion and extension, but the biceps does not drag out the triceps in flexion, neither does the triceps drag out the biceps in 
extension. The biceps and triceps move spontaneously and synchronously, and regulate the movements of the forearm with the 
greatest precision. 

The present figure shows how the bones of the extremities form levers, how the levers are placed within muscular cycles, and how 
the angles formed by any two or more bones are increased or diminished by rauscular action, whic;h supplies the moving nower. In 
flexion, the forearm is elevated by deertating the angle formed by the humerus with the radius and ulna ; in extension, the forearm 
is lowered by increaginii the angle between the bones in question. This increase and diminution of the angles formed by the bones 
of the extremities in extension and flexion alternately elongate and shorten the limbs and make locomotion possible, a. Biceps 



ing from the coracoid process (1) of the scapula ; the other from the upper roargin o( the glenoid 
n of the ^tuberosity of the radius (j"); (, the three 



with its two heads (.-), the < 

cavity of the scapula ; '/, tendon of the biceps inserted into the posterior n , ,^ , , _, . 

heads of the triceps, two arising from the posterior surface of the humerus, and the third from the lower part of the glenoid ci _, 

and inferior border of the scapula (/) ; g, tendon of the triceps inserted into the posterior and upper part of the olecranon of the 
ulna ; h, head of humerus in situ within the glenoid cavity of the scanula ; i, coracoid process of the scapula ; j, ulna ; j', radius ; 
h, elbow joint ; I, hand, flexed on the forearm ; m, half of muscular cycle formed by the biceps (a), in a state of contraction ; the 
sarcous elements of the muscle exhibiting a centripetal cross, or shortening action (vide darts) ; n, half of muscular cycle formed 
by the triceps ('1). in a state of relaxation ; the sarcous elements of the muscle exhibiting a centrifugal, longitudinal, or elongating 
action (m'(/( darts) (the Author, 1HT2). 

are so disposed in the bodies and limbs of animals that they always operate consentaneously and in harmony 
(Fig. 346). 

The bones and jointe, it may be remarked, are not necessary to locomotion. In the protozoa or cell-animaU 
this is effected by an amorphous contractile and expansile mass ; in the worm, leech, and caterpillar by imperfect 
muscular fibres continuous upon themselves, as in the hollow viscera of vertebrates. The muscle becomes interrupted 
in the crustaceans by the interposition of an external, and in the vertebrata by the addition of an internal, 
skeleton. When, therefore, the external and internal skeletons make their appearance, it is to afEord the muscular 
system additional surface and leverage, and to enable it to act with greater precision in a given direction. The 
skeleton, since it cannot move of itself, is consequently to be regarded as an adjunct or auxiliary of the muscular 
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system. As the muscles are accurately moulded to the bones and to each other, either directly or indirectly, by 
tendons, and the joints and muscles move in perfect harmony, while the bones are unyielding or rigid, it follows 
that the osseous system acts as a break or boundary to the muscular one, and hence the arbitrary division of 
muscles into extensors and flexors, pronators and supinators, abductors and adductors. Instead, however, of 
dividing the muscles into sets, it would be more intelligible, and, I believe, more philosophical to regard them (is 
has been done in the text) as forming muscular circles or cycles interrupted by bones, whose articular sur&uses transmit 
the motions generated in the muscular cycles in the desired direction. If this plan be adopted, the voluntary 
system of muscles is readily assimilated to the involuntary, and both are referred to their original, the continuoui 
ehnienUinj fibre. This view is favoured by analogy, and by the fact that the muscular system in the higher verte- 
brates is in a state of tonicity, that is, equally balanced or oscillating between two imaginary fixed points, and ready 
to act, through its extensors and flexors, abductors and adductors, pronators and supinators, with surprising 
rapidity ; the contraction of the extensors on all occasions involving the relaxation of the flexors, and so of the 
others. The most highly organised animal may, in this sense, be regarded as a living mass whose parts (hard, soft, 
and otherwise) are accurately adapted to each other ; every part reciprocating with scrupulous exactitude, and 
rendering it difficult to determine where motion begins and where it terminates. 

There are in animals very few simple movements, that is, movements occurring in one plane and produced by 
the action of two muscle^s. Locomotion is for the most part produced by the consentaneous action of a great 
number of muscles ; these or their fibres pursuing a variety of directions. This is particularly true of the movements 
of the extremities in walking, swinmiing, and flying. 

Muscles are divided into the voluntary, the involuntary, and the mixed, according as the will of the animal 
can wholly, partly, or in no way control their movements. The voluntary muscles are principally concerned in the 
locomotion of animals, and are, for the most part, spirally arranged. They provide the power which moves the 
several orders of levers into which the skeleton of an animal resolves itself. 

The movements of the voluntary and involuntary muscles are essentially wave-like in character, that is, they 
spread from certain centres, according to a fixed order, and in given directions. In the extremities of animab 
the centripetal or converging muscular wave on one side of the bone to be moved, is accompanied by a corresponding 
centrifugal or diverging wave on the other side ; the bone or bones by this arrangement being perfectly under 
control, and moved to a hair's-breadth. The centripetal or converging, and the centrifugal or diverging waves of 
force are, as already indicated, correlated.^ Similar remarks may be made regarding the different parts of the 
body of the serpent when creeping, of the body of the fish when swimming, of the wing of the bird when flying, 
and of our own extremities when walking. In all those cases the moving parts are thrown into curves or waves 
definitely correlated. 

It may be broadly stated, that in every case locomotion is the result of the opening and closing of opposite 
sides of muscular cycles. By the closing or shortening, say of the flexor halves of the cycles, and the opening or 
elongation of the extensor halves, the angles formed by the osseous levers with each other are diminished and the 
limb or parts of it are elongated ; by the closing or shortening of the extensor halves of the cycles, and the opening 
or elongation of the flexor halves, the angles formed by the osseous levers are increased, and an opposite result 
produced ; this is seen to advantage in the movements of lazy tongs as shown at Fig. »*U5, A, B. The alternate 
diminution and increase of the angles formed by the osseous levers ])roduc^ the movements of walking, swimming, and 
flying. The muscular cycles of the trunk and extremities are so disposed with regard to the bones or osseous levers, 
that they in every case produce a maximum result with a miiiinmm of power. The origins and insertions of the 
muscles, the direction of the muscles and the distribution of the muscular fibres insure, that if power is lost in 
moving a lever, speed is gained, there being an a])parent but never a real loss. The variety and extent of move- 
ment are secured by the obliquity of the muscular fibre»s tf) their tendons ; by the obliquity of the tendons to the 
bones they are to move ; and by the proximity of the attachment of the muscles to the several joints. As muscles 
are capable of shortening and elongating nearly a fourth of tluMr length, they readily produce the precise kind and 
degree of motion required in any particular case.* 

The force of muscles, according to the ex|>eriinent*4 of Schwann, increases with their length. It is a curious 
circumstance, and worthy the attention of those interest^Ml in homologies, that the voluntary muscles of the superior 
and inferior extremities, and more esj)ecially of the trunk, ani arranged in longitudinal, slightly oblique, oblique, 
and, more or less, transverse spiral lines, and in laycTs or strat^i precisely as in the ventricles of the heart and 




joints, und the position occupied by the extensors 
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hollow muscles generally.^ If, consequently, I eliminate the element of bone from these several regions, I reproduce 
a typical hollow muscle ; and what is still more remarkable, if I compare the bones removed (say the bones of the 
anterior extremity of a quadruped or bird) with the cast obtained from the cavity of a hollow muscle (say the 
left ventricle of the heart of the mammal), I find that the bones and the cast are twisted upon themselves, and form 
elegant screws, the threads or ridges of which run in the same direction (Fig. 305, A, B, C, p. 1079). This affords a 
proof that the involuntary hollow muscles supply the type or pattern on which the voluntary muscles are formed. 
It has been the almost invariable custom in teaching anatomy, and such parts of physiology as pertain to 
animal movements, to place much emphasis upon the configuration of the bony skeleton as a whole, and the con- 
formation of its several articular surfaces in particular. This is very natural, as the osseous system stands the 
wear and tear of time, while all around it is in a great measure perishable. It is the link which binds extinct forms 
to living ones, and we naturally venerate and love what is enduring. It is no marvel that Oken, Goethe, Owen, 
and others should have attempted such splendid generalisations with regard to the osseous system — should have 
proved with such cogency of argument that the head consists of a series of expanded vertebrae. The bony 
skeleton is a miracle of design very wonderful and very beautiful in its way. But when all has been said, the fact 
remains that the skeleton, when it exists, forms only an adjunct of locomotion and motion generally. All the really 
essential movements of an animal occur in its soft parts. The osseous system is therefore to be regarded as 
secondary in importance to the muscular, of which it may be considered an extension and differentiation. Instead 
of regarding the muscles as adapted to the bones, the bones ought to be regarded as adapted to the muscles. Bones 
have no power either of originating or perpetuating motion. This begins and terminates in the muscles. Nor 
must it be overlooked, that bone makes its appearance comparatively late in the scale of being ; that innumerable 
creatures exist in which no trace either of an external or internal skeleton is to be found ; that these creatures 
move freely about, digest, circulate their nutritious juices, and blood when present, multiply, and perform all the 
functions incident to life. While the skeleton is to be found in only a certain proportion of the animals existing 
on our globe, the soft parts are to be met with in all ; and this appears to me an all-sufficient reason for attaching 
great importance to the movements of soft parts, such as protoplasm, jelly masses, involuntary and voluntary 
muscles, &c.- As the muscles of vertebrates are accurately applied to each other, and to the bones, while the bones 
are rigid, unyielding, and incapable of motion, it follows that the osseous system acts as a boundary or limit to the 
muscular one. The most highly organised animal is, strictly speaking, to be regarded as a living mass whose parts 
(hard, soft, and otherwise) are accurately adapted to each other, every part reciprocating with scrupulous 
exactitude, and rendering it diflBcult to determine where motion begins and where it terminates. 



§ 339- The Distribution of the Muscles of the Horse. 

Fig. 347 shows the more superficial of the muscular masses which move the bones or osseous levers of the 
horse, as seen in the walk, trot, gallop, &c. A careful examination of these carneous masses makes it clear that 
they run longitudinally, transversely, and obliquely ; the longitudinal and transverse muscles crossing each other at 
nearly right angles, the oblique ones tending to cross at various angles, as in the letter X. The crossing is seen 
to most advantage in the deep muscles. 

In order to understand the twisting which occurs to a greater or less extent in the bodies and extremities (when 
present) of all vertebrated animals, it is necessary to reduce the bony and muscular systems to their simplest 
expression. If motion be desired in a dorsal, ventral, or lateral direction only, a dorsal and ventral or a right 
and left lateral set of longitudinal muscles acting upon straight bones articulated by an ordinary joint will suffice. 
In this case the dorsal, ventral, and right and left lateral muscles form muscular cycles ; contraction or shortening 
on the one aspect of the cycle being accompanied by relaxation or elongation on the other, the bones and joints 
forming as it were the diameters of the cycles, and oscillating in a backward, forward, or lateral direction in 
proportion to the degree and direction of the muscular movements. Here the motion is confined to two planes 
intersecting each other at right angles. When, however, the muscular system becomes more highly differentiated, 
both as regards the number of the muscles employed, and the variety of the directions pursued by them, the bones 
and joints also become more complicated. Under these circumstances, the bones, as a rule, are twisted upon them- 

^ ♦• On the Arrangement of tlie Muscular Fibres in the Ventricles of the Vertebrate Heart, with Physiological Remarks," by the Author. 
{PhUosophiad Transactions, 1864 ) 

"On the Muscular Arrangements of the Blathler and Prostate," by the Author. (PhilosttphircJ Trans ictions. i>art i., 1867.) 

"On the Distiibution of the Fibres of the Muscular Tunics of the Stomach in Man and other Mammalia," by the Author. {Proceedings 
of the Royal Society, June 20, 1867, vol. xvi.) 

'^ Lectures "On the Physiology of the Circulation in Plants, in the Lower Animals, and in Man." by the Author. (3Jinburyh Medical 
Journal for September 1872.) 

VOL. III. l> 
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selves, and their articular surfaces preeent various degrees of epirality to meet the requiietneats of the muscular 
system. Between the straight longitudinal muscles, therefore, arranged in doTsal and ventral, and right and left 
lateral eets, and those which run in an oblique and more or less transverse spiral direction, and between the simple 
hinge joint whose motion is confined to one plane and the ball-and-socket joints whose movements are onivenal, 
every degree of obliquity and spirality is found in the direction of the muscles, and every possible modification in 
the disposition of the articular surfaces. In the fish the muscles are for the most part arranged in dorsal, ventral, 
and lateral sets, which run longitudinally and obliquely ; and, as a result, the movements of the trunk, particularly 
towards the tail, are from side to side and sinuous. As, however, oblique fibres are also present, and the tendons 
of the longitudinal muscles in some instances cross obliquely towards the tail, the fish has also the power of twistiog 
its trunk (particularly the lower half) as well as the caudal fin. In a mackerel which I dissected, the obhqne 
muscles were represented by the four lateral masses occurring between the dorsal, ventral, and lateral longitudin^ 
muscles — two of these being found on either side of the fish, and corresponding to the myocommas or " grand mtuHe 




Via. 347. — Tlie siiiHirfitial iiiuscieB of tlie horse. Shows thi- iilicaUii) spiral arrange m en !.■< o( t.hi' iniiflclea at the slioiilden ani 
hips: nl.so tin- nearly stiniglit niiixdes of thv liiiilM>, and tlie obliiiiie nnd tnin!<verse niu.scirs of the head, neck, and body. Tbr 
plicated arranminfnts of tlie niii8i:le8 at the slioiilders siid ln])s are the best jiortsililu for coiiimuniiatiiig to the anterior and [lostcricir 
extremities the rotatory, cin-iiinductoiv, curved, figiii-e-uf-S niovetueiitH wliich char.icterisc them. The shoulder inim;lt« sre »i <ii<- 
puied that tliey make rotatory, circ:uin<luclory, ciu'veil, figiiri?-of-8 movements nf the fore-liinlM a necessity. Tlie same is true of At 
hiji muscles, and thi«e of the posterior extremities (after Liipton : the inovementa aiialy.'wd and di-scrilHsd by the Author). 

hteral " of Ouvier. The muscular system of the fish would therefore seem to be arranged on a fourfold plan, 
there being four sets of longitudinal muscles, and a corresponding number oF slightly oblique and oblique musc!«s. 
the oblique muscles being spiral in their nature, and tending to cross or intersect at various angles, an arrest of 
the intersection, as it appears to me, giving rise to the niyuconmias and to that concentric arrangement of their 
constituent parts so evident on transverse section. This tenilcncy of the muscular fibres to cross each other at 
various degrees of obliquity may also be traced in several jmrts of the hunmn body, as, for instance, in the deltoid 
muscle of the arm and the deep muscles of the leg. Numerous other examples of i)enniform muscles might be 
adduced. Although the fibres of the niyocoinmas liavo a more or less longitudinal direction, the mjocommu 
themselves pursue an oblique spiral course from before backwards and from within outwards, that is, from the spue 
towards the periphery, where they receive slightly oblii]ue fibres from the longitudinal dorsal, ventral, and lateral 
muscles. As the spiral oblique myocominas and the r)blique filires from the lonfjitudinai muscles act directly and 
indirectly u|>oii the spines of the vertebra-, and the vertebra' themselves to which they are specially adapted, tod 
as both sets of oblique fibres are geared by iiiti.Tdi)iitflti<ins t<) the Eourfolil set of loufiitudinal muscles, the latent. 
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sinuous, and rotatory movemente of the body and tail of the tish are readily accounted for. The spinal column 
of the fish facilitates the lateral sinuous twisting movemente of the tail and trunk, from the fact that the vertebtiB 
composing it are united to each other by a series of modified universal jointe — the vertebrte supplying the cup- 
shaped depressions or Bockete, the intervertebral substances, the promi- 
nences or baits. 

The same may be said of the general arrangement of the muscles 
in the trunk and tail of the cetacea ; the principal muscles in this case 
being distributed, not on the sides, but on the dorBal and ventral aspects. 
The lashing of the tail in the whales is consequently from above down- 
wards or vertically, instead of from side to side or laterally. The spinal 
column is jointed as in the fish, with this difference, that the vertebrco 
(especially towards the tail) form the rounded prominences or balb, 
the miniscus or cup-shaped intervertebral plates the receptacles or 
sockets. 

When limbs are present, the spine may be regarded as being ideally 
divided, the spiral movements, under these circumstances, being thrown 

upon the extremities hv typical ball-and-socket joints occurring at the ^ 

u IJ J I ■ H.L- ■ 1- 1 ,1. ■ i.1. IV. 4.1. •■■'■■ 34H. -Tadjiole (irvelopiiig legs hut still 

shoulders and pelvis. This is peculiarly the case in the seal, where the ret*iniii« tlie awimmiug uil. 
spirally sinuous movements of the spine are transferred directly to the f'"- 349^Fully d^vdoped adult f^viiih four 
'^ 1 -■. , ,,,-,-ii. ■ wp" fomied k'gs Hnd no tail (sftiT Dalton : the 

posterior extremities.' The development of the frog is highly instructive deTelojiment d**-ribed by tlie Author), 
in this connection (Figs. 348 and 349). 

In the tadpole stage there is a rudimentary spinal column and a fish-like swimming tail. As development 
proceeds four legs gradually appear, the swimming tail simultaneously disappearing. In the adult frog there is a 





Flo. SriO. — A. Siren (.Siren Iwrrtina). B. Amphiitmn (Am iihiunui iHtlarlylum). C. MenobranchHs (JfeinArfiHi^iM fcifwYi/w) (after 



well-developed spinal column with four legs ; the spinal column and the legs having their appropriate muscles. The 
legs and concomitant muscles may very properly be regarded as outgrowths of the trunk of which the back bone 
is the central system. The frog swims and walks by alternately flexing and extending its fore and hind legs ; the 

* That the iiioveiiiciiU uf th« rxtreiiiiti<-a ]>riiuaiily emaiiata rratii tlip Hjiinc is rendered |>robahle by the rvrimrkabli' jiowerB iiOBSfssed by 
mT]iriit8. ■■ It is triHr," writ«a PnifesMor Owen (ji. 2111), " that tliB Herjwnt has no limba. yet it cun.outcHxub the iiioukev outBwini the heb, out- 
l«i|i tht> jerlK», aiid. Hurldeiily liKMlng tho oline mWtt of its cruiiuliiiiK i>iiirat, it tall i>|>ring iiitu the air and seiie tiic biril iijioti th« wing." . . . 
"Tlie ivQieiit liAH iiritbiT liaiidH nor tatnus. yet it I'aii uiitwn'stte the athlete, and crash the tiger in the embrace of its [londerDiiH overlapping 
fulds." Thi; [leculiar endcmtnents which aixTniniaiiy the jioaseBsion of exlrsniittcia. it apjieani to nie, liresent themiielves in an nndevelo|>ed or 
latent fumi in the trunk of tliu reptile. 
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two fore legs and the two hind legs acting in pairs and together as in ourselves in swimming. The toad, however 
(a nearly allied animal), crawls by the diagonal movements of its fore and hind limbs, and in so doing develops the 
double sinuous figure-of-8 curves seen in the creeping of the serpent and the swimming of the fish, and also in the 
walking and running of the biped and quadruped. 

The rule is that if the body be eel-like, as in certain lizards, or if a powerful swinmiing tail be retained or 




Fic;. Xy\.- ProtoiiieriiH ainucteiis^ Oiiiillier. {Lepidosiren minectensy Oweii.) <j, Filttiiieiitary anterior extremities or pectoral fins; 
\ tilanu'utary pasterior extremities or ventral fins ; r, scapulo-coracoid bone with jointed cartilaginous ray of pectoral fin ; d, pelvic 
3iirtilace with jointed cartilaginous ray of ventral fin (after Owen). 



developed, the limbs are rudimentary and small. This is especially the case in the siren, amphiuma, and meno- 

branchus (Fig. 350). 

A good example of the powerful swimming tail, fish shape, and rudimentary limbs is seen in the Lepidosiren 

of Owen (Fig. 351). 

Other examples occur in the water newt and the crocodile, where the great swimming tail quite dwarfs the 

limbs (Fig. 352). 

Extreme examples of the suppression, subordination, and modification of limbs in connection with swimming 

tails are seen in the sea mammals, especially the 
whales, dolphins, dugongs, and manatees, where the 
limbs have virtually disappeared in favour of larg^, 
finely-modelled, effective swimming tails. Similar 
remarks are to be made of the seals, and walruses, 
where the limbs are small and the feet, especially 
the posterior ones, large and webbed ; the posterior 
limbs and large webbed feet being applied to the 
water by a sculling motion after the manner of the 
fish tail. 



v>V Vr. »^ 




A~irr^M'^^''f' 



Fn;. 3r)2. — TIh; fivslcd newt (Triton cristatus) (after Dallas). 



§ 340. The Travelling Surfaces of Animals Modified and Adapted to the Medium on or in which 
they Move. 

These various modifications as between swimming tails and limbs afford so many examples of design ; the 
swimming organ having a certain shape, and acting in a particular way, according to fixed laws, which may not be 
departed from. As already explained, the travelling organs, and the size, shape, and movements thereof, must 
in every instance be adapted to the media on or in which the animals are to live and move. Animals are in every 
case conditioned, that is, adapted to their environment. 

While the fishes and sea mammals (whales, dolphins, dugongs, and manatees) are admirably adapted for 
swimming, they are absolutely helpless on land ; the seals, sea-lions, and walruses, so graceful on the water, hobble 
about in the most ridiculous manner on shore. Similarly, land animals, strictly speaking, make a sorry figure in 
the water. They, moreover, can only remain in this medium for comparatively short intervals. Conversely, 
water and land animals (fishes and quadrupeds), unlei?s specially modified, make unsuccessful and very awkward 
attempts at flight. The travelling organs and movements of animals are adapted to the fulcra formed by the earth, 
water, and air respectively. The various fulcra demand specially constructed levers which, of necessity, take the 
form of feet, fins, flippers, and wings. There is no getting away from the mechanics of locomotion ; the physical 
conditions must in every instance be scrupulously and adequately met. 

The limbless condition of animals obtains both in the water and on the land. The whale and dolphin supply 
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examples of the former ; the serpent and certain lizards of the latter. Those who believe that all the land animals 
originally came out of the sea will readily agree with me in thinking that the spinal column must be regarded as 
the parent of the limbs, not only in their most rudimentary, but also in their most highly developed forms. 

Limbs, when present, are provided with their own muscular cycles of extensor and flexor, abductor and 
adductor, pronator and supinator muscles — these running longitudinally and at various degrees of obliquity, and 
enveloping the hard parts according to their direction — the bones being twisted upon themselves and furnished with 
articular surfaces which reflect the movements of the muscular cycles, whether these occur in straight lines 
anteriorly, posteriorly, or laterally, or in oblique lines in intermediate situations. The straight and spiral oblique 
muscles are principally brought into play in the movements of the extremities of quadrupeds, bipeds, &c., in walking ; 
in the movements of the tails and fins of fishes, whales, &c., in swimming ; and in the movements of the wings of 
insects, bats, and birds in flying. The straight and spiral oblique muscles are usually associated, and co-operate 
in producing the movements in question ; the amount of rotation in a part always increasing as the spiral oblique 
muscles preponderate. The combination of ball-and-socket and spiral hinge-joints, with their concomitant spiral, 
oblique, and longitudinal muscular cycles (the former occurring in their most perfect forms where the extremities 
are united to the trimk, the latter in the extremities themselves), enable the animal to present, when necessary, an 
extensive resisting surface the one instant, and a greiatly diminished and a comparatively non-resisting one the next. 
This arrangement secures the subtlety and nicety of motion demanded by the several media at different stages of 
progression. 

The feet of land animals, because of the hard, unyielding nature of the earth, are small. In those land animals 
which take to the water occasionally, the feet, as a rule, are furnished with membranous expansions extending 
between the toes. Of such the frog, triton, crocodile, beaver, otter, ornithorhynchus, walrus, seal, sea-lion, &c., 
may be cited. The triton and crocodile, in addition to the membranous expansion occurring between the toes, are 
supplied with a powerful swimming-tail, which adds very materially to the surface engaged in natation. Those 
animals^ one and all, walk awkwardly, it always happening that when the extremities are modified to operate upon 
two essentially different media (as, for instance, the land and water), the maximum of speed is attained in neither. 
For this reason those animals which swim the best, walk, as a rule, with the greatest difficulty, and mce versdy as the 
movements of the auk and seal in and out of the water amply testify. 

In addition to those land animals which run and swim, there are some which precipitate themselves, parachute- 
fashion, from very considerable heights, and others which even fly. In these the membranous expansions are 
greatly increased, the ribs affording the necessary support in the dragon or flying lizard, and the anterior and posterior 
extremities and tail in the flying lemur and bat. 

Although no lizard is at present known to fly, there can be little doubt that the extinct pterodactyls (which, 
according to Professor Huxley, are intermediate between the lizards and crocodiles) were possessed of this power. 
The bat is interesting as being the only mammal at present endowed with wings sufficiently large to enable it to 
fly.^ It affords an extreme example of modification for a special purpose — its attenuated body, dwarfed posterior, 
and greatly elongated anterior extremities, with their enormous fingers and outspreading membranes, completely 
unfitting it for terrestrial progression. It is instructive as showing that flight may be attained, without the aid 
of hollow bones and air-sacs, by purely muscular efforts, and by the flapping and opening and folding of the 
continuous membranes which form the wings. 

As the so-called flying lizard, flying lemur, and bat connect terrestrial progression with aerial progression, so the 
auk, penguin, and flying-fish connect progression in the water with progression in the air. The travelling surfaces of 
these anomalous creatures run the movements peculiar to the three highways of nature into each other, and bridge 
over, as it were, the gaps which naturally exist between locomotion on the land, in the water, and in the air. 

I append a plate of illustrations specially arranged to show the shapes and comparative sizes of the travelling 
surfaces required for the earth, water, and air respectively ; also the modifications necessary to enable the land 
animals to take to the water or the air, and the water and air navigating animals to take to the land. 

The rule (and there is no exception) is, that the travelling organs of animals increase in size in a direct ratio 
to the instability of the medium traversed. Thus, small travelling surfaces (feet) suffice for land transit, the land 
furnishing an unyielding fulcrum ; larger travelling surfaces (feet, fins, and flippers) being required for water transit, 
the water supplying a yielding, though virtually incompressible fulcrum ; still larger travelling surfaces (wings) being 
required for aerial transit, the air providing a still more yielding but highly compressible fulcrum. The various 
modifications in the size and shape of the travelling organs of animals afford so many proofs of design, and of the 
absolute necessity for complying with the mechanics of locomotion and the laws which regulate the transference 

* The vanij)iiT bat of the IslaiHl of Boiii!i. aocordiiif; to Dr. Huckland, can also swim ; and this authority was of opinion that the pterodactyl 
enjoyed similar advantages. ('Eng. Cycl./' vol. iv. p. 4U6). 
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o£ bodies in apace generally, as seen in the physical universe. The three kinds of locomotion adapted to the land, 
the water, and the air are conditioned in the sense, that the size, shape, and movements of the travelling organs are 
predetermined and adapted to the requiremente of each particuUr case. So inexorable are the physical require- 
ments that every animal (whatever its position in the organic kingdom) must rigorously comply with the Utws which 
regulate each particular kind of locomotion. 

Thus, the mammal destined to live habitually in water must be fish-shaped and provided with a swimnung- 
tail, or flippers resembling fins. If it be destined to live and journey in the air, it must be provided with wings, or 
parachutes resembling wings. In like manner if a fish be destined to float and propel itself in the air, even for a 
limited [jeriod, it must be provided with greatly expanded pectoral fins which resemble wings in shape. A certaio 
standard as regards the size, shape, and movement* of the travelling organs must be reached before locomotion on 
the land, the water, and the air becomes possible ; and the adaptability of the travelling organs to their peculiar 
kind of work, in every instance, determines the degree of speed attained (Plate clii.). 



PLATE CLII 




Plate clii. illustrates the remarkable disparity in the size and shape of the travelling organs of amnoals adapted 
for land, wat«r, and air transit respectively. 



Fr. 



I) A to 14 inclusive, sliows typical examples of travelling organit. 
niple of compressed foot for laud Iranait. The ox and the liorse furnish other exainples. 



A. Fiiot of tlie di er. Extreme e:. ^ 

li. Foot of the utter, eliulitly wehlied. Adapted for luud and u 

('. Fiiot o( the fnig. This tixit is expanded and webU'd and is best adapted t(ir water transit (swiinniing), 

II. Foot of the ornithorhynchna greatly expanded and webbiMi aud inninlr a<la)>Ied for swimiuing. 

K. Fuot of the .'val greatly modified, eximndcd and webbeil. Used almost eielusively for swininiing. The seal walks bMlK 
u)i lund. It hubb1(-s along by undulatiiry tnoveoienta. 

F. Swallow with anterior exlreniiti'es very greatly expanded to fur: 
organ.'* in lliia rase when compared with the siite and weight of the bo<.ly ii 
the iiir, whiih is the tliinnust, lightest^ and most unstal'lu of the uiedia 

«. The turtle. Tlie anterior and posterior extremiticH in this .-asi 
larpjly in exws,-^ i.f A, H, C, 1), iiud K, ihongh less than in F. The « 



II wings which are clothed with foathere. The travelling 
-c exi'e»aively large. They are :^pei:ially designed to act oo 



c mndilied a 



iidi-rably 






xiNinded ; the expansion beiiiR 
; trui' winga, io the aense th« 
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PLATE CLII (contmiieil) 

they Are movable, elastic structures which taper and are strongest at the root and anterior margin (a, h) and thinnest and weakest at 
the tip and posterior margin (c). The posterior extremities (a, e) are similarly modified, but more resemble feet. They are almost 
wholly employed in natation. 

H. Fish with powerful swimming tail. In the fish nearly half of the body is engaged in natation. The tail is applied to the 
water laterally or from side to side. 

I. The manatee, a fish-shaped, swimming mammal having a large, finely shaped, swimming tail. In this case, the tail is 
applied to the water vertically, or from above aownwards. Ti»e same holds true of the duijong, porpoise, whale, &c. The vertical 
movements of the tail enable those remarkable animals readily to reach the surface of the water for breathinj^ purposes. 

J. The penguin, a bird adapted almost exclusively for swimming and diving. It has very small, featlierless, strong wings, and 
expanded webbed feet. The wings are elastic and taper from the root to the tip, and from the anterior (a, h) to the posterior (c) 
mai-gin. They yaw and twist screw-fashion in action, and enable the bird to fly and dive in the water with great celerity and in 
any direction. The feet {d) can act independently of the wings, or in concert with them. 

K. The flying-fish. This singular animal is provided witli very large, and powerful, pectoral fins resembling wings, which enable 
it to leave the water and take flights of from two to three hundred yards in the air. 

L. The flying lizard. In this case the anterior (a) and posterior (6) extremities and ribs support a membranous expansion 
(c, c') by the aid of which it flies for considerable distances in a slightly downward curved direction. The membranous expansion 
is not moved to any great extent by the extremities, and acts mainly as a parachute ; the parachute can, however, be controlled within 
limits. 

M. The bat. This quaint little mammal has attained to the dignity of flight. As in the flying lemur its flying membrane 
(f, c') is supported by the anterior (a) and posterior {h) limbs. The flying membrane of the bat is alternately elevated and de- 
pressed with great vigour as in all flying creatures. Tnis alternate elevation and depression of the flying membrane distinguishes it 
from the parachute in the ordinary sense. A parachute mainly supports ; a wing at once supports and propels (the Author, 1867). 

N. The flying lemur. In this instance, the membranous expansion or parachute (r, c') is supported by the anterior (a) and 
posterior (6^ extremities; and tail. This strange animal can all but fly. It glides by the aid of its parachutes from the tops of lofty 
trees and often for long distances, but always in a slightly downward, curved direction. The anterior and posterior limbs, feet, and 
tail regulate the tension and angles made by the parachute which is under control. 
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Before entering on a final consideration of the apparatus by which locomotion is effected in the higher animals 
it will be necessary to say a few words regarding the movements of living matter in its rudimentary forms. 

In the protoplasm of plants and animals irregular movements occur ; the protoplasm assuming various and 
remarkable shapes. Similarly, the white corpuscles of the blood change their form ; they also change locality, 
and migrate. 

The mycetozoon (a plant discharging what are virtually animal functions) advances and withdraws its plasmodium 
(the protoplasmic mass forming its body) when searching for food, when feeding, and after feeding. 

The amoeba, one of the simplest of animals, likewise assumes a great variety of forms, and moves from place 
to place. Spermatozoa exhibit characteristic movements. The cells of plants and animals, in many cases, are 
endowed with independent movements, those of certain plants moving freely about in water until they find a 
suitable anchorage and habitat for growing. In such instances the cells are provided with vibratile hairs or cilia, which 
are endowed with independent, co-ordinated movements. Analogous in many respects to the cilia in question are 
the sensitive moving tentacles or hair-like processes found on the leaves of insectivorous plants such as the sundew, 
Venus's fly-trap, &c. There are also intercellular movements seen in Chara, VaUisneria and other plants. Then 
come rhythmic movements in certain plants such as Volvox globator, and in rudimentary animals where the vacuoles 
open and close with time-regulated beat. The hearts of animals also act rhythmically. 

The sarcous elements of muscles, moreover, exhibit wave and rhythmic movements. The opening and closing 
rhythmic movements which occur at definite intervals in plants and animals are allied to the vibratile movements 
witnessed in vibrios, in spermatozoa, and in cilia. The opening and closing, vibratile, wave movements seen in 
rudimentary structures prefigure and herald in a most unmistakable manner all the movements witnessed in 
muscles and in the locomotion of animals as a whole. The movements in plants and animals are frequently spiral 
in their nature. 

One has only to examine living seminal fluid under the microscope to be convinced of this. The spermatozoids 
are seen to propel themselves by a series of spiral undulations in every respect analogous to those made by the 
tadpole or young frog, a vertebrate in process of formation. The development of the frog is full of interest. In 
its early tadpole stages, as stated, it swims exactly as a fish does ; in its later stages its swimming-tail gradually 
disappears and four swimming and walking legs gradually appear. The legs take the form of buds or outgrowths, 
and when completed assume, as far as locomotion is concerned, the function originally discharged by the rudimentary 
spinal column. 
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It will be seen that the movementB exhibited by plants and the lowest animal forms occur in soft, rudimentanr 
structures where no trace of either muscle, bone, or nerve can be discovered. 

The movements are, for the most part, conditioned ; that is, they are due to a controlling and regulating povfr 
acting in a given direction and to given ends. They are, further, in not a few cases, the result of feeling and 
knowing in a restricted sense, and so partake of the nature of voluntary movements as observed in the higher anl 
highest animals. The power of moving in its ultimate particles is a fundamental endowment necessary to tb 
protection and well-being of the individual, whether plant or animal. The movements may be particular (moleculari 
or general (movements in the mass) or |>artly the one and partly the other. In every case, and this is important, 
the movements in living things occur in the soft parts, whether protoplasm, cells, or tissues. It is a mistake to 
suppose that movements can only occur in nmscles provided with nerves, and that muscular movements in onkr 
to be effective nmst be connected with bones, or with bones and joints. As a matter of fact, all the movementt 
which take place in plants and the lowest animal forms have no connection whatever with either nerves, muscles, 
or bones. In like manner muscles c^n act effectively without bones, as in the craophagus, stomach, intestines, rectam. 
bladder, uterus, heart-, &c. It is only in the higher animal forms that muscles, nerves, and bones appear, and that 
muscles and nerves are associated with bones for the purposes of locomotion. In every instance, and I emphane 
the point, inovt»nionts begin and terminate in the muscles when those are present. The bones with their jointi 
are at l>est accessory structures in animal progression. The lM)nes, moreover, are moulded and adapted to tk 
muscles, and not the converse. 

The bones engaged in locomotion are, for the most jmrt, spiral, and the joints spiral, or universal ; that is. 
ball-and-socket. 

The muscles, as already ])oint4Ml out, are arranged in straight, spiral, oblique, and transverse lines, in two sets, 
and, in many cases, cross or tend to (tohs each other ; the muscles forming cycles which as a rule invest two bones 
on opposite sides with a spiral joint between. When* ball -and -sm^ket joints occur, as at the shoulders and hips, 
muscular masses with the fibres running in straight, obliipie, very ohlitjue, and transverse spiral directions are found. 
In bones with spiral joints, the movements are mainly those of flexion and extension, pronation and supination : io 
those with ball-and-socket joints the movements are those of rotation, circumduction, abduction, and adductioD. 
The spiral joints, as a rule, occur in the limlw ; the ball-and-socket joints where the limbs are united to the trunk. 

As explained, the muscles and bones are complementary structures, and both are necessary to locomotion in 
the higher animals. The point I wish to eniphasi.se is that the muscles and not the bones lead in all the higher 
animal movements. The expression, the grace, and the dignity of movement are all referable to muscular action. 
Dignity of deportment, in turn, implies a well -formed, normal skeleton. 

The flexible spinal column Ls admirably adapted to display to advantage every kind of muscular movement. 
It foruLs the fundamental, the central axis, so to speak, in the locomotion of vert<>brates. Its appropriate muscles 
can cause it to move forwards, backwards, laterally, and obliquely in almost every direction. They can, moreover. 
develop in it the most delicate curves, sinuosities, and spirals. 

The extraordinary jwwers of movement residing in the 8]>inal column are due to its physical configuration. It 
consists of a large number of small, short, square-shaped bones, the so-called vertebra?, and, as a rule, every two of 
these have placed between them an intervertebral disc or plate of highly elastic cartilage which acts as a cushion 
or buffer and prevents shock. The vertebra? are geared together and kept in position by ligaments of fibrous tissue, 
with the result that while conij)aratively little movement is permitted between any two vertebrae, the movements 
of the spinal column, as a whole, are of a most extensive and comprehensive character.^ The spinal column in 
addition to its sinuoiLS forward, backward, and lateral movements can be made to twist and untwist, and to rotate 
upon an imaginary axis well seen in the swimming of some fishes. 

The spinal colunm and the muscles and other structures investing it are, in a sense, the parents of the limbs. 
The limbs appear as buds or outgrowths of the trunk during development, and in many adult animals such as the 
siren, amphiuma, the porpoise, whale, &c., they are mere rudiments. Many proofs can be adduced in support of 
this view. The serpent is a typical vertebrate. It has no limbs, yet it can by alternate curvature of its spinal 
colunm aided by its ribs and horny ventral plates move along the ground with great celerity. It can also' swim, 
climb trees, and perform a great variety of complicated evolutions. 

In like manner the fish is devoid of limV)s, nevertheless it can by the s])iral. twisting, sinuous movements of its 
powerful swimming-tail, in some cases outrace ev(;n swift steanLships. 

The spinal column of the fish Ls particularly deserving of attention from the fact that it can be made to move 
in curves from side to side in the long-bo<lied fishes, and from above downwards in the flat fishes. It can also be nnde 
to move spirally, most fishes adding a certain degree of oVjliquity to the strokes made by their swimming-tails. 

* An !iiinlt)^oiis jirraii;^»Mn»'m obtains in tin* fxli-pniitij-s at tin- wti^^ts an^l ankl»>i, and also. lliuu«rli to a Irss fxtt'nl. in the hands and feet. 
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Fishes, as a rule, swim by the aid of their bodies and tails, chiefly the latter. Some, however, auch as the 
thresher shark, have large, powerful, pectoral fins which enable it to turn and tack about with great rapidity, and 
which, in conjunction with ita huge heterocercal tail, permits it to turn over and seize its prey, which it does from 
the side and often from beneath ; the capacious mouth being situated on the ventral aspect of the body. The 





tail 



Fin. 353. 
Fro. 353.— Tilt tiireslier or tox shark (Cn. 



rhari 



rui/ies). Showa large, jjowerfiil, ai 



Fio. 354. 

niing, (icctnral fins, and huge heterocercal 



Taken from n pholograph of an actual specimen stipplie'l to the Author by a frien<l (E. M.) for the present work. 

VlQ, 3&4. — Illustrati^ the swimming, according to tht Atiihor, of the sknte {Eaja rlavata) by wlint nre virtually undulatory flying 
movements, a, b, Qrcatly expandi'd, gra<liiated, elastic, lateral fins, reaenibling uings ; c, c', wave movements made by the laleral fina 
in a direction friim above downwards and from bi'fore backwarda ; d, d', the direction in which the skati' nwinis. 

{Drawn from Daltiri; by <_'. Berjeau, for the present work, from a apeciraen in the p),we8sion of the -Author). 

great pectoral fins are certainly powerful swimming organs. They are wings, in the sense that they are triangular 
in shape and finely graduated ; being thick at the root and along the anterior raai^in, and thin at the tip and along 
the posterior margin. They are, moreover, highly elastic structures. The shape, structure, and elastic properties 
of these organs, o! necessity, invest them with many of the peculiarities of genuine wings (Fig. .S53). 

That swimming and wing movements may be performed by fins, is abundantly proved by the locomotion of 
the flat fishes which fly through, rather than swim in, the water by 
a series of vertical, undulatory movements well seen in the loco- 
motion of tlic skate. 

The skate, and flat fishes generally, as I have frequently 
satisfied myself from actual observation, swim mainly by the un- 
dulating movement* of their bodies and greatly developed lateral 
fins ; the movements of the marginal fins being, to all intents and 
purposes, undulatory wing and flight movements (Fig. .154). 

Throughout the vertebrate series there is a tendency to de- 
velop limbs, and in proportion as the limbs become more and more 
perfect, the functions of the spinal column diiuippear, and reappear 
in the limbs. The more perfect the limbs, and the greater the 

amount of work performed by them, the less the work performed by the spinal column. In the fish, the pectoral 
and ventral fins represent rudimentary anterior and posterior extremities. " In many blennies the ventral fins 
are adapted for walking on the sea-bottom. In some gobioids {Periophthalmus), irigloids, scorpoenioids, and 
pediculati, the pectoral fins are" perfect organs tor walking ; in the gobies, Cydojden and Discoboli, the ventral fins 
act as parachutes." 

Some of the mud fishes have pseudo-limbs which enable them to hobble along when they cannot swim, and one 
of the perches {Anabas scandens) similarly endowed takes to the land for short intervals, and, it is asserted, even 
climbs trees. ^ 

' IMldorff. {Tra7t.'<artio>aoflktLinwanSoci«t)/o/L<nid(m.n»7.t 
VOL. III. B 




Goby or walking finh [Prriojihlkaliina 

*■» jiei'toral tins iis^ lui anterior limbs 
sea boltuiii IntteT Uiinther). 
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Giinther, when speaking of Periophthalmus, says : " The fishes of this genus are common on the coasts of the 
tropical Indo-Pacific — especially on parts covered with mud, or fucus. During the ebb tide they leave the water 
and hunt for small crustaceans and other small animals disporting themselves on the ground which is left by the 
receding tide. 

** With the aid of their strong pectoral and ventral fins and their tail, they hop freely over the ground, and 
escape danger by rapid leaps. ... In many blennies the ventral fins have ceased to have any function, and 
become rudimentary, or are even entirely absent. In others the ventral fins, although reduced to cylindrical 
stylets, possess a distinct function, and are used as organs of locomotion by the aid of which the fish moves 
rapidly over the bottom." 

The climbing perch (Anabas scandens) is said to make its way from lake to lake without difficulty and in 
certain cases to ascend trees. They can remain out of the water for considerable periods in virtue of a special 
arrangement of their gills, and are believed to feed on small animal and vegetable substances, which they find in 
their peregrinations. 

'' In 1797 DaldorfT, in a memoir communicated to the Linnean Society of London, mentions that he had himself 
taken an Anabas in the act of ascending a palm tree w^hich grew near a pond. The fish had reached the height of 
five feet above the water, and was going still higher. In the effort to do this it held on to the bark of the tree by 
the preopercular spikes, bent its tail, and struck in the spines of the anal fin ; then released its head, and, raising it, 
took a new hold with the preoperculum higher up. The fish is named in the Malayan language ' the tree climber.* 
It rarely attains a length of seven inches." ^ 

Lydekker, when writing of this phenomenal perch, remarks, " That this fish can travel long distances on land. 

where it drags itself along by hitching its 
pectoral fins round the stems of grass and 
other herbage, is perfectly well ascertained. 
With regard to its climbing power some 
amount of incredulity has been expressed, 
but it is noteworthy that its Malayan name 
(undi'CoUi) signifies tree-climber, while nearly 

r m. o.'»u. — iKHiy iuku oi me a^hv \j'unffntrn» imnirj. iiii: mis, I'sju-vioiiv mr , ■. «i. * A i_ a 11 * 

(loitjal ones, are remaiTcable (after Ciivier and Valencieiinos). " » thousand years ago CCrtam Arab traveHeiS 

were informed of the existence in India of 
a fish that was in the habit of ascending cocoa-nut palms in order to drink their milk." * 

Other anomalies occur in the mud fishes of Africa (Protopterm annectens) and South America {Lepidosim 
paradoxa). 

'' The protopterus exhibits the simplest form of limb that is known. The pectoral and ventral fins or limb 
each consist of a single ray which tapers to a point and is jointed much like a single -jointed fin-ray of an ordinary 
fish. These limbs are attached to arches which represent, in an imperfect condition, the corresponding pectoral and 
pelvic girdles of osseous fishes and amphibians " (Fig. 351, p. 1100). 

" The bony pike of the Nile lives in the mud at the bottom of rivers, where it crawls or walks like a seal bv 
means of its fins. It swims with great i-apidity, much in the manner of serpents (Fig. 356). This fish presents an 
extraordinary appearance, from the way the dorsal fin is broken up into a succession of finlets, which vary in 
number in the several varieties from eight to eighteen, each formed by a spine in front and a series of rays behind. 
These have a striking resemblance to a wing. ' The finlets ' are characterised by having their upper rays stiff like 
the primary feathers of a bird's wing, whilst the lower part is comparatively slack, as in the secondary and tertian- 
feathers of the wing." A Boulogne cJimse-maree (fishing-boat) is rigged on the same principle, having the upper 
canvas of its mainmast divided up into small sails with a mainsail beneath. The dorsal finlets of the bony pike 
are thick at the root and anterior margin and tai)er and become thinner at the tip and posterior margin. They 
act as tiny wings in swimming, in virtue of their structure, which is essentially wing-like. 

An interesting structural modification as between swinmiing and walking organs is met with in the so-called 
" swimming-crab." In this (juaint creature " the last ])air of legs are much flattened, the last segment being dilated 
into an oval plate. Several 8|)ecies are found in British waters ; but none are such expert swimmers as the 
tropical species, especially those inhabiting the gulf weed of the Atlantic. Tlie j)eculiar motion of the oar-like feet 
has given rise to the name of ' fiddler crab ' oiUm applied to them." 

The development or suppression of the limbs seenLs to (lei)en(l largely on the conditions of life and the habit 
of the animal. Thus animals living in water must bt* fish-shaped and provided with a swimming-tail or structures 

» "TheStiulv of FislMs.'" hv All., it C. L. S. (Imilh.i. M.A., M.I).. F.H.S., 1**^0, y. 4b7. 't seq. 
'^ "The K(»val Nalunil Histoiv." t-dit.Ml l.v K. Lvd.^kk.-r. 18^*;'). 
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representing it, and they must employ their Bpiual column and tail as their chief organs of propulfiion. The limbs 
must be modified or even suppressed. 

It is a curious circumstance that the sea mammals, such as the dugong, manatee, (wrpoiae, and whale iiave 
rudimentary fore limbs (flippers), but no liind limbs, or the veriest traces of them. In the whate, very rudimentary 
hind limbs are found deeply buried in the flesh near the broadly-expanded tail. All these animals are fish-shajted. 

The seal, sea-lion, and walrus also conform to the general fish-type, and trust largely to the curves formed by 
their spinal colunm and modified limbs in swimming. The seal, sea-lion, and walrus have specially constructed 
extremities expanded and webbed after the manner of fish tails, and as the posterior ones are arranged in the same 




Fio. 357.— The seal {Pfuica faiula), likewise a mamuial. Shows general fish-Bliipo, The anterior and p»»t4!rior extremities are 
both jireeent aii<l nebbed. They can be expanded or closed at |)le»sur« in awininijng, and aut after the manner of ii lish tail (the 
Anlhor, 1H67). 



a-lx'sr, a mammal cloaely relatud Ui ihe sea-li 
□ the seal, esiiecialiy the former. 



!n this ai lima], the anterior ami jxiatei'ior extrcmilies, which are 
exlreiiiitiefl enable the iininial lilerally to Hv through the 



i«la 



■ applied to tlie 



\ fuAv tail in swimming-, o. 



IS mammal, The forin is less 
well develuped, webbed, and very 



Flu. 35S.— T 
u'l^bbed, are largi.. ... 

water. The posterior extremities are also well developed and webbe<l, 
at right angles to slow or atop forward progress (the Author, 1S67). 

F[U. S-iO.— A young specimen of the walriia [Trichfeia rimnarus), anollier example of the 
fish-shaped tbin hi the neal, sea-l>ear, und nea-lion. Tlie anterior and iiosterior extremities 
useful as swimming organs (after Wood). 

FlO. 360.— The little nengiiin (Aptewid-jli't minor). The wings of this quHLiit bird twbt and untwist ami huve a screw action 
in swimming and diving (the Aiitlior, 1867). 

plane with the body in swimming, they are applied to the water in exactly the same way that fish tails are 
(Figs. 3.57, 358. and ;J5y). 

The porpoise, whale, dugong, manatee, seal, and walrus make very considerable use of their anterior extremities 
(flippers), not so much in swimming as in turning and changing positions. The sea-Hon is an exception. 
This remarkable animal makes much greater use of its anterior extremities than its posterior ones in swimming. 
The anterior extremities or fiippers of the sea-lion are greatly developed, and as they have thick anterior and thin 
poste.rior margins, and are finely graduated, flexible and slightly twisted structures, they form true wings and are 
employed as such in swinmiing. The sea-lion literally flies in the water. In this respect it resembles the penguin, 
which is provided with short, rudimentary, twisted, featbcrlesa wings greatly resembling flippers (Fig. SfiO). 

The sea-lion and penguin fly through the water at a very high speed and in the most graceful manner. It has 
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been my good fortune to be able to study the swininiiny of the iiiatiatee, porpoise, seal, walrus, sea-lion, and penpiun 
under natural conditions. 

That the vertebral column and the niuselcs of the trunk play an iiujiortant part in animal locomotion is provtii 
by an examination of the siren, AmphiiiDia, Menubranchus, and newt, figurefl of which have been given. In ibf 



-Bones and portioa of Oie 

r thin miirgiiL (after Owt-n). 




jfi \m-U <}i thr hind »iii)i 



Ichlhvosiiiriis. 



c. Auterior thick tnai^n . 



siren there is the eel-like body with a pair of very rudimentary autenor hmbs near the head In the Ajnphiunu. 
the body is still more elongated, with a pair of \erv rudunoitary anterior limbs ni>ar the head and a similar paii 
of posterior limbs near the tail. The legs are of no use as swimniin^ organs the flexible bndv and tail [lerformil^ 
this function. In the Menobrancbus the anterior and {iost4.riur extrLnuties are mure devehiped In the newt 




the anterior and posterior extremities are well developed, but in this ease and in the Menobranchua, natation n 
mainly performed by the large powerful swimming-tail. Similar remarks may be made of the crocodile familv. 

In the extinct Ichthyosaurus {IcIUhyostiMnis communU) the flexible vertebral column with its powerful 
longitudinal and spiral niuscles oeeupies the first place as tlie organ of propulsion. The lehthyosaums, as its name 




-The Iditliyo^i' 



is refiLoii'ii l>y tht Authi 



tied by C. Bi'rjmu, tor Ihe jiresent work. 



implies, was a fish-shaped saurian. It had a large, powerful swimming-tail and two pairs of well -developed flipped 
(anterior and posterior). The flipperB and tail could act separately or in concert. The [lip|>ers, conaidt^riiig their 
great size, shape, and position, would certainly act as powerful pro[(eUers, nevertheless the monster chiefly depejideJ 
for progression on it« formidable swimming- tail. 

I give a restoration of this interesting extinct voracious animal, taking the skeleton aa my guide, and •m 
largely indebted to the facile pencil of Mr. C. Berjeau for the spirited reproduction. I also give a teprasentatioB 
of a flipper described and figured by Owen * (Figs. :I61 , 362, and 3G3). 

• Trantaelinm n/' tkr Gmlogieat Hoeieli/. Second seiifs, vol. vi., I'luie \i. 
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The PlcsioBaurus. another extinct saurian, tliffered greatly froni the Ichthyosaurus iu general appearance. It 
was essentially birtl-like in shape, and had a very lung, elegant neck and head somewhat resembling the head and 




364.— Skeletiin of the Plesiosaurus (after Oiiviec). 




Fig. Mr..— Tlio 



ri'd by tlie Aiillior and C. Bi-ijeall fur tbc preseiil wurk. 



neck of a swan. It had no Bwininiing-tail. On the contrary, it was provided with two pairs of long, powerful, finely- 
formed flippers (two anterior and two posterior). As the four flippers were carefully graduated structures (thick 




^^L.^??5»*^^ 



Fig. 36C.— The Plc^i 



and, as restored liy the Autlior and C. Berjeaii For tlie prtsenl work. 

at the root and anterior margins and thin at the tip and posterior margins) and bore a general resemblance to the 
flippers of the sea-lion and penguin, and to wings generally, there can be no doubt that this remarkable antediluvian 
flew through the water at a comparatively very high speed. The four flippers of the Pleaiosaurus may not inaptly 
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be compared to the four winfcs o! the dragon-fly ; the dragon-fly being the swiftest of all the insects. The 
Pleeiosaunis, as far as locomotion i» conc«me(l, formed a link between the reptiles and the hitds. 

I have, as in the case of the Ichthyosaurus, ventured on a restoration of this very interesting extinct animil. 
taking the skeleton as the outline of my figure. I have again to acknowledge my indebtedness to Mr. C BeijesD 
for the able assistance he has given and for the refined and vigorous effects (Fi^. 364, 365, and 366). 
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The flying sauriaufl form, in soini' resiK-cte, a unique group. Reptilian as to character, they exhibit the genenl 
configuration of bats (mammals). Tlioy differ from bats mainly in the greater length of their vertebral columnt 
The flying saurians had very ample and beautifully slitqwd wings, and must have been exceedingly powerful ui 
elegant flyers. They have been classified as under : — 

{a) Pterodudylus specUtbilis. 

(6) R/iamphorkynckus muetisleri- 

(c) Di)norphodon imcronyx } 

' Nicliuln.maiidLyilekk.T'8 " ral.^onlclo;;}-," v..l. ii. 
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The thick anterior margin of the wing in Scaphognathus crassirostris is formed by a very greatly developed 
fifth digit (Fig. 370). 

In the bats the second digit plajrs the same role. It would be easy to multiply examples where the vertebral 
column preponderates over the limbs, as in the lizards, and all those animals with small, rudimentary legs, but enough 
has been said to show that the back bone, and its concomitant muscles, play a very important part in the 
locomotion of both the lower and higher animal forms. 

It is one thing to know and describe animal movements ; it is, in some respects, a more difficult task to portray 
them correctly. This can only be done by the assistance of instantaneous photography. A knowledge of photo- 
graphic methods and results becomes imperative in all modem attempts at explaining the involved and complicated 
subject of animal mechanics. I, consequently, devote a short section to what is practically a new and important 
means of research. 

§ 341. Instantaneous Photography a Valuable Aid in Determining Animal Movements. 

It is impossible to over-estimate the value of instantaneous photography in recording animal movements. It 
has quite superseded every form of registering apparatus. The latter, consisting as it does of a multiplicity of 
tambours, levers, styles, &c., and of cylinders and plane surfaces travelling at given speeds by the aid of clockwork, 
is apt to get out of order. It is, therefore, unreliable, and not unfrequently originates and perpetuates errors. This 
instantaneous photography never does. It, in every instance, supplies reliable information directly and at first hand. 

In order to ensure accuracy, and to avoid long descriptions, I propose, whenever practicable, to employ it to 
illustrate what I have to say regarding walking, swimming, fljring, for the following among other reasons : — 

(a) Instantaneous photographs give accurate representations of the organs of locomotion in all possible 
positions. 

(b) They give striking illustrations of the size and shape of the travelling organs when in action. 

(c) They enable the observer to compare the moving parts of animals with fixed objects occupying vertical, 
horizontal, and other positions. 

(d) They permit the operator to determine not only the time required to perform certain movements, but also 
to map out the areas within which the movements occur. 

(e) They record accurately the movements of the organs of locomotion, and, what is scarcely less important, 
of the whole animal. 

(/) They reveal movements which the unaided eye cannot see. 

The time required to take an instantaneous photograph is so infinitesimally short (the one five-thousandth 
part of a second or less) that the most rapidly moving object is practically arrested in its course and as perfect an 
image taken of it as if it were at rest. 

If a fly-wheel in rapid motion be taken with a sufficiently short exposure, the spokes of the wheel, and all the 
details of the spokes, stand out in bold relief. When the natural eye looks at a rapidly revolving fly-wheel, the 
observer sees no spokes but only a blur or indistinct image. 

The same thing happens when he looks at the rapidly moving wings of an insect. Practically the most rapid 
animal movements can be arrested and analysed by short exposures of the camera, and the moving parts depicted in 
every conceivable position as if at rest. The ever varying shapes assumed by the moving parts are likewise accurately 
represented. 

The difference between the camera with its quick-working lenses and highly sensitive plates and the natural 
eye consists in this : the camera receives and records an image instantaneously, or very nearly so, whereas the eye 
requires a considerable time to receive an impression, and the impression, when once made, remains on the retina 
or sensitive part of the eye for a considerable time after the object which caused it has passed away. 

It follows that if a rapidly moving object be presented to the eye, and the time allowed for receiving and 
dismissing the impression be insufficient, a series of indistinct pictures are superposed on the retina, and a haze or 
blur produced. A certain amount of time is required to observe an object, and a longer or shorter interval must 
elapse before the impression made by the object on the retina can pass away. If, for example, an individual looks 
fixedly at the sun for a brief space and darts suddenly into a dark room he sees the sun for a few seconds after 
entering the dark room. In other words, the impression of the sun remains on the retina of the eye for a few 
seconds, and, until the image of the sun disappears from the retina, the eye is not in a condition to receive another 
impression. To take another example : if a horizontal bar with a lighted candle fixed on one end be suspended 
at its middle by a cord say from the ceiling and be made to revolve slowly, the light is seen as a separate object 
at any part of the revolution. If, however, the speed be very greatly accelerated a circle of flame only is seen. The 
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explanation is, that the image produced by the flame on the retina of the eye at one point of the revolution has not 
time to pass away before fresh images are presented to it, and hence the blurring, mixing up, and continuity of the 
images resulting in an apparently unbroken circle of flame. Similarly, the spokes of the fly-wheel can be seen as 
separate objects if the movement be very slow. It is only when the movement is very rapid that the spokes ran 
into each other and become blurred or mixed up so as to present a more or less solid appearance. 

It is all a question of time. The natural eye can neither receive nor let go impressions of objects so quickly as 
the lenses and hyper-sensitive rapid plates of the camera, from which it follows, that the latter can separate or 
analyse all kinds of rapid movements very much better than the natural eye. Indeed the natural eye can only see 
the slower movements in mechanics and in animal locomotion. It is reserved for the quick-acting lenses and 
highly sensitive plates of the camera to see and record the more rapid movements. The camera thus becomes a 
most powerful and important instrument of investigation in analysing all kinds of quick movements. It is 
immeasurably superior to every form of sphygmograph or registering apparatus. 

Photography is now largely employed in recording the movements of the heavenly bodies, and in supplying 
minute and reliable details as to changes occurring in the physical universe. Sir Norman Lockyer, a leading authority 
on spectroscopic work, in a recent lecture, said " that the advance in inethoils of observation had been so rapid that 
it was now possible to get spectra of the stars to the third magnitude as good in quality as those obtained of the 
sun itself twenty years ago. This advance had been mainly due to photography. " Stop photography,'* said he, " and 
you stop astronomy as we now understand it." He added, '' it was a waste of time for the astronomical student 
to use his eyes, save to see that his camera, plates, &c., were in perfect working order. By means of photc^iaphj, 
millions of facts are accumulated automatically which can be studied sul>sequently, and such facts are reliable in 
that they are not biassed by the personality of the observer. ... In making observations during a total eclipse it 
is ridiculous to waste one moment in looking at anything." 

Mr. Peck, the city astronomer for Edinburgh, in a lecture entitled " How the stars are photographed," deliveied 
in December 1901, stated that during the past fifteen years enormous advances in astronomical photography had 
been made. Within that time various celestial objects had been revealed by this new method of research 
(photography), and our knowledge of the sidereal universe greatly extended. The gelatine dry plate, he explained, 
was of the greatest use in astronomical work, because, while it iK)ssessed the greatest sensitiveness to rays of 
various parts of the spectrum, it could also be given an indefinite length of exposure. Owing to this sensitivenes 
and accumulative effect of light on the photographic plate, celestial objects which were so faint as to be entirely 
invisible even with the most powerful telesco})e, had been shown on the plate. By means of specially devised 
instruments photographs could actually be obtained of the sun, moon, planets, comets, meteors, stars, and nebube. 
The marvellous results procured by modern photography were as striking as they were unlocked for, and greatly 
exceeded the dreams of even the most sanguine astronomers." From the foregoing it will be seen that photographa 
may be taken by very short exposures or instantaneously, and by very long exi)osures. Short exposure photographa 
alone can record quick movements ; long exposure photographs suffice for slow moving objects, for still life, and for 
objects at immeasurably remote distances. 

It was at one time thought that instantaneous photography would prove a valuable acquisition to the artist, 
but this expectation has not been realised. The artist can only portray what he sees and what his fellow-men see. 
If he attempts to represent the more sudden and jerky movements, say of the liml>8 of a fast trotting or galloping 
horse, his drawing becomes an exaggerated caricature of the movements as witnessed by the unaided, natural eye. 

The instantaneous pictures produced by the camera lend theuLselves less to art than to science. Instantaneous 
photography gives much more accurate representations of animal movements at first hand, than sphygmographic 
tracings, which are obtained at second hand, and necessitate the intervention of an apparatus capable of generating, 
extending, and perj>etuating error. I have availed myself of instantaneous photography in illustrating the subtleties 
of several points in locomotion, and have to acknowledge my great indc^btedness in this connection to Mr. E. Muybridge. 

Mr. Edward Muybridge was one of the first to adopt instantiineous ])hotography in connection with animal 
locomotion, and this gentleman deserves the highest praise for his industry and enthusiasm in opening up what is 
practically a new field of research. 

He has proiluced a splendid series of large photogra])hic prints some seven hundred and eighty in number, and 
containing over twenty thousand figures, representing the locomotion of man, most of the domestic animals, and 
a large number of wild animals, including birds. 

Mr. Muybridge commenced his instantaneoas photographs as far })ack as 1872. In this year, according to 
his own account, he photographed at Sacramento, California, the famous horse ^'Occident" while trotting at full 
speed. The results were not published till 1877. Between 1872 and 1877 he devised an automatic electro-photo- 
graphic apparatus for the purpose of obtaining consecutive pictiu^es at regulated intervals of time and distance of 
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horses walking, trotting, galloping, &c. The exposure in certain cases he tells us did not exceed the one five- 
thousandth part of a second. 

These photographs were published in 1878, with the title " The Horse in Motion." 

In 1883, the University of Pennsylvania, with great liberality and public spirit, subsidised him to the extent 
of £5000 or thereby, with a view to his making a comprehensive investigation of " Animal Locomotion " in its 
widest sense. 

For over twenty years Mr. Muybridge has continued his interesting labours, with the result that he has 
produced a magnum ojms in photography which finds a fitting resting-place in nearly all the great libraries of the world. 

While Mr. Muybridge has produced an unrivalled series of photographs of man and animals, he has not 
attempted exhaustively to analyse and describe the several animal movements. 

Thus in his work " Animals in Motion," published in 1899, he says very little about the walk and the run in 
man, practically nothing regarding the flight of birds, and comparatively little about the movements of the 
domestic animals, the horse excepted. He has confined his observations chiefly to the order and sequence of the 
footfalls of animals, particularly the horse, and to historical notices and references to worko of art. 

This is not to be wondered at, as he makes no claim to being either an anatomist or a physiologist. Under 
these circumstances it will excite no surprise if I adhere to my original descriptions and delineations of animal 
movements published in 1867,^ 1870,^ and 1873,^ long before the account of his instantaneous photographs appeared 
(1877) ; and if, fiulher, while supplementing my original descriptions and drawings, I avail myself of certain of his 
instantaneous photographs which very fully bear out my original conceptions as to how bipeds and quadrupeds 
walk and run, and birds fly. Mr. Muybridge and I are not in conflict. The explanations given by him of his 
figures are simply inadequate from the anatomical and physiological point of view. He makes no reference, for 
example, to the curves, spirals, and figure-of-8 movements made by the extremities of bipeds and quadrupeds, when 
walking, running, &c. He does not describe the double twisting, diagonal movements which occur at the shoulders 
and hips in bipeds and quadrupeds whenever and wherever they move ; neither does he refer to the spiral 
configuration of the arms and legs, and the ball-and-socket and spiral joints of the biped and quadruped. He makes 
no mention of the muscular systems of animals, or of the levers which the bones of the extremities form, or of the 
pendulum-action of the arms and legs. Lastly, he does not describe or refer to the spiral shape of the wing, or 
the figure-of-8 movements made by it when the flying animal is fixed, or to the waved tracks made by the wing and 
the body when the volant animal is flying freely in space. 

All these I consider fundamental in animal locomotion, as fully explained by me in the three works 
referred to. 

In employing a selection of Mr. Muybridge's beautiful instantaneous photographs in illustrating my own views 
I have added vertical and horizontal lines, letters, curved darts, and figures-of-8 where they seemed desirable to 
bring out my meaning. For these, of course, I am alone responsible. The curved darts, in every instance, indicate 
the direction in which movement occurs, whether in the trunk or in the limbs. 
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As the earth, because of its solidity, will bear any amount of pressure to which it may be subjected, the size, 
shape, and weight of animals destined to traverse its surface are matters of little or no consequence. As, moreover, 
the surface trod upon is rigid or unyielding, the extremities of quadrupeds are, as a rule, terminated by small feet 
(Fig. 371. Compare with A, B, C, D, E, of Plate clii., p. 1102). 

In this there is a double purpose — the limited area presented to the ground affording the animal sufficient 
support and leverage, and enabling it to disentangle its feet with the utmost facility, it being a condition in rapid 
terrestrial progression that the points presented to the earth be few in number and limited in extent, as this 
approximates the feet of animals most closely to the wheel in mechanics, where the surface in contact with the plane 
of progression is reduced to a minimum. When the surface presented to a dense resisting medium is increased, 
speed is diminished, as shown in the tardy movements of the mollusc, caterpillar, and slowworm, and also, though 
not to the same extent, in the serpents, some of which move with considerable celerity. In the gecko and common 
house-fly, as is well known, the travelling surfaces are furnished with suctorial discs, which enable those creatures 
to walk, if need be, in an inverted position ; and " the tree-frogs (Hyla) have a concave disc at the end of each toe, 

* "On the Mechanical Appliances by which Flight is attained in the Animal Kingdom." {Transactions of the Linnean Society, vol. xxvi.) 

* "The Physiology of Wings." {Transact ions of the Hoyal Society of Edinburgh^ vol. xxvi.) 

' "Animal Locomotion, or Walking, Swimming, and Flying." Anglo-American Science Series. London und >'^ew York, 1873. 
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for climbing and adhering to the bark and leaves of trees. Some toads, on the other hand, are enabled, by peculiar 
tubercles or projections from the palm or sole, to clamber up old walls." ^ A similar, but more complicated arrange- 
ment, is met with in the arms of the cuttle-fish. 

The movements of the extremities in land animals vary considerably. 

In the kangaroo and jerboa,* the posterior extremities only are used, the animals advancing per saUum, that 
is, by a series of leaps.^ 

The deer also bounds into the air in its slower movements ; in its fastest paces it gallops like the horse. The 
posterior extremities of the kangaroo are enormously developed as compared with the anterior ones ; they are also 
greatly elongated. The posterior extremities are in excess, likewise, in the horse, rabbit,^ agouti, and guinea pig. 
As a consequence these animals descend declivities with difficulty. They are best adapted for slightly ascending 
ground. In the giraffe the anterior extremities are longer and more powerful, comparatively, than the posterior 
ones, which is just the opposite condition to that found in the kangaroo. 

In the giraffe the legs of opposite sides move together and alternate, whereas in most quadrupeds the extremities 

move diagonally — ^a remark which holds true also of our- 
selves in walking ; the right leg and left arm as explained 
by me in 18G7 ^ advancing together and forming opposite 
complemental curves when one step is made ; the left leg 
and right arm also advancing together and forming opposite 
complemental curves when a second step is made. Tbe 
legs and arms in walking form diagonal, figure-of-d curves 
which cross at every step (see Fig. 302, p. 1078). 

In the hexapod insects, according to Miiller, the fore 
and hind foot of the one side and the middle one of the 
opposite side move together to make one step, the three 
corresponding and opposite feet moving together to form 
the second step. Other and similar combinations are met 
with in the decapods. 

The alternating movements of the extremities are inter- 
esting as betokening a certain degree of screwing and twisting 
in the limbs and trunk, especially at the shoulders and hi}K. 
This screwing and twisting l>egets the figure-of-8 movements 
observed in walking, swimming, and flying. 

In all quadrupeds endowed with great speed, the 
bones of the extremities, which form the osseous levers in 
locomotion, are inclined obliquely towards each other to form angles ; the angles diminishing as the speed increases. 
Thus the angles formed by the bones of the extremities with each other and with the scapula* and iliac bones, are 
less in the horse than in the elephant. For the same reason they are less in the deer than in the horse. In the 
elephant, where no great speed is required, the limbs are nearly straight, this being the best arrangement for sup- 
porting superincumbent weight. The angles formed by the different Ijones of the wing of the bird are less than 
in the fleetest quadruped, the movements of wings being more rapid than those of the extremities of quadrupeds 
and bipeds. These are so many mechanical adaptations to neutralise shock, to increase elasticity, and secure 
velocity. 

As I cannot hope to analyse the movements of all the animals with terrestrial habits, I will describe only such 
as illustrate in a progressive manner the more fundamental forms of locomotion. 

I naturally begin with the serpent ; the spinal column of which, with its muscular cycles, furnishes a key 
to nearly all the movements which occur in the trunks and limbs of the higher vertebrates. In support of this 
view it is only necessary to state, that if a cat, when walking, be viewed from above, a double curve or continuous 
wave of movement is observed to travel along its spine in a direction from before backwards. The movement 




Fio. 371. — Horne trotting. Shows jwworful, liwivv IkxIv, and 
the small extremities a(la])te<l i*^ land tiuiisit : als^t the Hgiire-of-8 
ni<)vement8 made by the liniliH in the several jHU'es. ^ i/. Curves 
made by tlie right and left anterior extremities: s, r. (Hirves made 
by the right and left jM)sterior extremities. The right fore (/) and 
left hind foot (r) move together diagonally to fonn the waved line 
(r, 0: the left fore (u) and the right hind fo«)t {s) move together 
diagonally to form the waved line (.<», u). The curves formni by the 
anterior (^ //) and ]H)sterior (r, s) extremities funiish elli|ises 
which when unite<l give a tigure-of-8 tnijecttUT (the Author. 1867, 
and 1873). 



* **Corap. Anat. and Phys. of Vertebrates," by Professor Owen, vol. i. j>|». 2rt2. 2*V.\. I^mdon. lst>t;. 

* The jerlsNi when pursued can leap a distam'e of nine feet, and rciH'at the htips stt rapidly ihat it cannot ) vcrtakeu even by the aid of ft 

switt horse. The bullfrog, a much smaller animal, can, when presse«l. clear fntm six tn ciij:lit U-vt at carh boun.l. and pi-oject itseff over a fence 
five feet high. 

' The long. ])owerfuI tail of the kaugaro<i assists in maintaining the ei|uilibrium of the animal prior to the leaj^s ; the |io«t«inor cxtreniitia 
and tail fonning a tri|)od of support. 

* The ral>bit occasionally takes several short ste]is with the fore legs and one l<»ng (uie with tli«' hind legs ; so that it walks with the fore let^ 
and leaps with the hind tmes. 

* "On the Mechanical Appliances by which Flight is attained in the Animal Kingdom." Trans, nt th, Limi. s,h-.. v«.1. xxii. 
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closely resembled the crawling of the serpent and the swimming of the fish. The double curves, moreover, seen 
in the spinal column of this most agile of animals reappear in the movements of its extremities. 

§ 342. The Creeping of the Serpent. 

In this typical vertebrate animal, locomotion is performed by the powerful muscles of the trunk throwing the 
eloi^ted vertebral column into curves or sinuosities, the free extremities of the numerous ribs, aided by the homy 
plates on the ventral surface of the body, acting as feet. The movement greatly resembles that of the centipede, 
if the ribs of the former be made to represent the feet of the latter. As a pair of ribs are supplied to each vertebra, 
and the ribs, as well as the vertebral colimui, have their own peculiar muscular cycles, it follows that the movement 
of the vertebral column of serpents is exceedingly free and practically univeraal. The vertebral column can, as 
a matter of fact, be made to move in curves from side to aide, and also, though to a much smaller extent, vertically 
and spirally. A glance at the skeleton of the serpent explains its extraordinary powers of movement (Fig. 372). 

The spiral sinuous curves made by the body of the serpent in creeping are due to a co-ordinated, 
centripetal, and centrifugal action of the intrinsic muscles of the spinal column and ribs, whereby when the 
muscles on one side of a part of the body shorten or contract, their complemental muscles on the opposite 
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side of the same part of the body relax or elongate. The movements alternate when opposite curves are 
made. The sinuous, gliding motion of the serpent utterly precludes the possibility of the muscles of one side of 
the body forcibly dragging out those of the other side in making the consecutive series of curves necessary to 
progression. If this arrangement existed the serpent would advance by a series of jerks. The easy, flowing, con- 
tinuous undulating movements characteristic of the serpent would be impossible. Moreover, the muscles which are 
all moving at the same instant when the serpent is creeping would have no time alternately and forcibly to drag each 
other out. The double centrijtetal and centrifugal action of the muscles on opposite sides of the body becomes a 
necessity when it is remembered that every part of the body of the serpent is thoroughly under control and 
capable of forming reverse curves with lightning rapidity. All this means eo-ordinated, consentaneous, continuous 
muscular action so long as it lasts, A precisely similar action occurs in the muscles of the fish when swimming, 
as will be explained further on. 

The muscular and bony arrangements of the serpent give the clue to the structure and movements of the trunk 
and limbs in the higher vertebrates such as the biped and quadruped. The reader has only to imagine two pairs 
of limbs developed upon any two opposite, complementary curves made by the body of the serpent in creeping, to 
realise the diagonal, spiral, twisting movements which occur at the shoulder and hip joints in the walking and other 
movements of the higher vertebrates. The spiral twisting movement* referred to extend also to the extremities, 
and I shall be able to prove further on that the opposite and complementary curves made by the arms and legs of 
a man in walking and by the four limbs of a horse and other quadrupeds in walking, trotting, &c., are analt^us 
to, and in a great measure identical with, the opposite and complemental curves mode by the serpent in performing 
its peculiar kind of locomotion. 
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The serpent in creeping describes a sinuous path on the ground. It does not rear its body into the air on a 
series of vertical curves like the arches of a bridge, and for a very obvious reason. If it did so there would be no 
abutment for the ribs and horny ventral plates, and without the ground for an abutment or fulcrum locomotion 
would be impossible (Fig. 373). 

The serpent can raise ite head and neck a little and strike its prey when its body is on the ground and when 
it is coiled up, but it has no power of springing into the air as a whole. It can also when coiled round a tree jerk 
out its head, neck, and a considerable part of its body to form one or more loops by which it seizes, holds, and 

crushes its prey. 

While the non-poisonous snakes seize and crush their prey, the poisonous ones only bite and poison it. I have 
watched both modes of attack at the Zoological Gardens, I^ondon. The rattlesnakes strike their victims so suddenly 
that the movements of the head can scarcely be perceived. The pythons, on the contrary, do not bite but seiaj 
their victims with lightning rapidity by converting the anterior [)art of the body into a spiral loop which is quickly 

tightened on the prey. 

The poisonous snakes jwison and paralyse their prey and devour it at leisure : the non-poisonous snakes when 
they once seize their quarry never relax their hold. They, however, cause the loop or loops of their body which 
have seized and crushed their victim to travel in a backward direction so as to free their head and neck for the 
purpose of swallowing. This done, the head and neck bend in a Imckward direction towards the coil or coib 
containing the prey, which coil or coils in turn move forward towards the head, which they literally feed by pushing 

the prey into the widely-extended mouth with itB 
re-curved fangs. I have watched the swallowing 
process in the case of pythons when feeding on 
rabbits. Their mode of procedure is always the 
same. 

The following is the account given of the 
locomotion of snakes by Dr. Giinther : ** Snakes 
are the most stationary of all vertebrates ; as long 
as a locality affords them a sufficiency of food and 
some shelter to which they can readily retreat, 
they have no inducement to change it. Their 
dispersal, therefore, must have been extremely 
slow and gradual. Although able to move with 
extreme rapidity, they cannot maintain the speed for any length of time. Their organs of locomotion are the 
muscles and ribs, the number of the latter being very great, nearly reaching that of the vertebrae of the 
trunk. They can adapt their motions to every variation of the ground over which they move, yet all varieties 
of snake locomotion are founded on a common form of progression. When a part of the body has found some 
projection of the ground which affords it a point of support, the ribs are drawn more closely together, on 
alternate sides, thereby producing alternate bends of the body. Similar complemental curves being developed on 
the anterior portion of the body, these when straightened cause the body to advance. During locomotion the 
numerous broad shields of the belly are of great advantage, as by means of their free edges the snake is 
enabled to catch and use as points of support the slightest projections of the ground. A pair of ribs corre- 
sponds to each of these ventral shields. Snakes are not able to move over a perfectly smooth surface. Thus 
it is evident that they move by dragging their body over the ground, or over some other firm base, such as the 
branch of a tree ; ^ hence the conventional representation of the progress of a snake, in which its undulating body 
is figured as resting by a series of lower bends on the ground whilst the alternate bends are raised above it, is an 
impossible attitude. Also the notion that snakes when attacking are able to jump off the ground is quite erroneous; 
when they strike an object, they dart the fore part of the body, which was retracted in several bends, forwards in 
a straight line. And sometimes very active snakes, like the cobra, advance simultaneously with the remainder of 
their body, which, however, glides in the ordinary fashion over the ground ; but no snake is able to impart such 
an impetus to the whole of its body as to lose its contact with the ground. Some snakes can raise the anterior 
part of their body and even move in this attitude, but it is only about the anterior fourth or third of the total 
length which can thus be erected." 

Most of the serpents are excellent swimmers. When they take to the water they throw their bodies into a 
series of lateral undulations which greatly resemble the undulations made by the eel in swimming. In swinuning 
the functions of the ribs and of the ventral plates are more or less in abeyance. 

* Thfiv air >^<mm1 ^rouiuiH for U'lii'viii;^ that stTjMnt.s wlirn fir»jiiii;4 alt»riiat4ly jiiish ami |»ull tlw MVtral parts of their bodies forwardH. 



Vui. 373.— A. Shows the wrjient ar usually hut wrongly n*j>re8eiited hy h 
series of vrrtioxl sjiiral curves. 

B. Shows the serjteiit, as seen in nature, pro^'ssing hy a series of latrral 
s))iral curves, no part of the Inxly l»eing raisi'd from the gi-ound. 
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The fact that the serpent C5an swim as well as creep, and perform various other evolutions, proves that it 
possesses in its spinal column, ribs, ventral horny plates, and concomitant muscles, the potentialities of locomotion 
as witnessed in all the higher vertebrates — man included. 

Regarding the vertebral column and its muscles as the principal factors of locomotion in the lower vertebrates, it 
would be convenient at this stage, and in this connection, to describe the swinmiing of the fish, this, like the creeping 
of the serpent, depending exclusively on the movements of muscles, acting at first hand, on a simple, symmetrical, 
flexible spinal column, with its wonderful power of forming curves, spirals, and sinuosities of every description. 

If, however, I described the swinuning of the fish here, I would have to mix up locomotion on the land with 
locomotion on and in the water, which I am anxious to avoid. I will therefore proceed with the locomotion of 
bipeds and quadrupeds where highly developed limbs are present, and where their movements are confined to the land. 

The swimming of the fish will be described further on. 

It may be interesting to state before leaving this subject that even a spinal column is not absolutely necessary 
to locomotion, as witness the locomotion of the tadpole, immature fishes as a class, and certain adult rudimentary 
fishes. " The lowermost sub-class of fishes, which comprises one form only, the Lancelet {Branchiostoma 
[s. Amphioxus] lanceokUum), possesses a skeleton of the most primitive type. The vertebral column is represented 
by a simple chorda dor salts or notochord only, which extends from one extremity of the fish to the other, and, so far 
from being expanded into a cranial cavity, it is pointed at its anterior end as well as at its posterior. It is 
enveloped in a simple membrane like the spinal cord and the abdominal organs, and there is no trace of vertebral 
segments or ribs ; however, a series of short cartilaginous rods above the spine evidently represent apophjrses. A 
maxillary or hyoid apparatus, or elements representing limbs, are entirely absent. 

" The skeleton of the Cydostomata (or Marsipobranchii) (lampreys and sea-hags) shows a considerable advance 
of development. It consists of a notochord, -the anterior pointed end of which is wedged into the base of a cranial 
capsule, partly membranous, partly cartilaginous. This skull, therefore, is not movable upon the spinal colunm. 
No vertebral segmentation can be observed in the notochord, but neural arches are represented by a series of 
cartilages on each side of the spinal cord." 

Some of the old-world fishes were also deficient as regards a backbone. " Of the ganoid fishes, the family 
Palfeoniscidm (Traquair) is numerously represented ; others are Ccelacanths {Ccelacanthus rhizodus), and Saurodipteridse 
(Megalicfuhys). None of these fishes have an ossified vertebral column, but in some (Megalichthys) the outer surface 
of the vertebrae is ossified into a ring ; the termination of their tail is heterocercal." ^ The heterocercal or 
unequally lobed tail is essentially an old-world form. It persists in the modern shark tribe, and is a very powerful 
swimming organ. 

§ 343. The Locomotion of Birds—the Ostrich. 

Birds have been divided by naturalists into eight orders : The NatcUores, or swimming birds ; the GraUatores, 
or wading birds ; the Cursores, or running birds ; the Scansores, or climbers ; the Basores, or scrapers ; the Columbm, 
or doves ; the Passeres ; and the Raptores, or birds of prey. 

The first five orders have been classified according to their habits and modes of progression. The Natatores 
I shall consider when I come to speak of swimming as a form of locomotion, and as there is nothing in the move- 
ments of the wading, scraping, and climbing birds," or in the Passeres ^ or Raptores, requiring special notice, I proceed 
at once to a consideration of the Cursores, the best examples of which are the ostrich, emu, cassowary, and apteryx. 

The ostrich is remarkable for the great length and development of its legs as compared with its wings 
(Fig. 374). In this respect it is among birds what the kangaroo is among mammals. The ostrich attains a 
height of from six to eight feet, and is the largest living bird known.* Its great height is due to its attenuated 
neck and legs. The latter are very powerful structures, and greatly resemble in their general conformation the 
posterior extremities of a thoroughbred horse or of one of the larger deer — compare with Figs. 344 and 420, pp. 1093, 
1133. They are expressly made for speed. Thus the bones of the leg and foot are inclined very obliquely towards 
each other, the femur being inclined very obliquely to the ilium. As a consequence, the angles made by the 
several bones of the legs are comparatively small ; smaller in fact than in either the horse or the deer. 

The feet of the ostrich, like those of the horse and deer, are reduced to a minimum as regards size ; so that 
they occasion very little friction in the act of walking and running. The foot is composed of two jointed toes ^ 

> '*Tlie study of Fishes," by Albert C. L. G. Gunther, M.A., M.D., F.R.S., 1880, pp. 63 and 64. 

* The woodiXJckei-8 climb by the aid of the stiff feathers of their tails ; the legs and tail fonniiig a tinn l»asis of su]>iK)rt. 

^ lu this order there are certain birds — the s)»arrows and thrushes, for example — which advance by a series of vigonms lea]i8 ; the \eA\m 
lieing of an intermitting character. 

* The e^ctinct moa (J)hutmis ijufanteus) attained a height of from fouiteen to fifteen feet. 
^ The toes in the emu amount to three. 
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which spread out, when the weight of the body comes upon them, in such a manner as enables the bird to x'at 
and let go the ground with equal facility. The advantage of such an artangement in rapid locomotion cannot be 
over-estimated. The elasticity and flexibility of the foot contribute greatly to tbe rapidity of movement for which 
this celebrated bird is famous. The limb of the ostrich, with its large bones placed very obliquely to form i 
system of powerful levers, is the very embodiment of speed. The foot is qoite worthy of the limb, it being in some 
respects the most admirable structure of its kind in existence. The foot of the ostrich differs considerably fron 
that of all other birds, those of its own family excepted. Thus the under portion of the foot is flat, and speciallT 
adapted for acting on plane surfaces, particularly solids.' The extremities of the toes superiorly are armed with 
powerful short nails, the tips of which project inferiorly to protect the 
toes and confer elasticity when the foot is leaving the ground. The foot. 
like the leg, is remarkable for its great strength. The le^ of the ostiich 
are closely set, another feature of speed* The win^ of the ostrich sn 
in a very rudimentary condition as compared with the legs.' All tbt 
bones are present, but they are so dwarfed that they are useless as oigam 
of flight. The angles which the bones of the wing make with each otkci 
are still less than the angles made by the bones of the leg. This is jut 
what we would n priori expect, as the velocity with which wing^ an 
moved greatly exceeds that with which legs are moved. The honei ol 
the wing of the ostrich are inclined towards each other at nearly right 
angles. The wings of the ostrich, although useless as flying organs, fmm 
important auxiliaries in running. When the ostrich careers along tht 
plain, it spreads out its wings in such a manner that they act as balaMcn 
and kites, and so enable it to maintain its eqniUbrium and diminish tb 
weight. The wings, because of the angle of inclination which their usdrt 
surfaces make with the horizon, and the great speed at which the ostrich 
travels, act as true kites, and so elevate and carry forward by a mechanicsl 
adaptation a certain proportion of the mass of the bird abeady in motioiL 
The elevating and propelling power of even diminutive inolined plaoes it 
very considerable when carried along at a high speed in a horiiontil 
direction. 

If an oblong sheet of cardboard held in the hand, at an upwtid 
ingle, be thrust out of the window of the carriage of an express train in 
motion, the amount of elevating power developed is quite remarkaUe. 
If the cardboard be made to rise and fall in imitation of the wing move- 
ments, the kite-action of the wing during the up and down strokes it 
exemplified in a striking and convincing manner. 

I have fre({uently performed this experiment with an ordinary nem- 
paper folded up to resemble the blade of a cricket bot. 

The wings of the ostrich in addition to their elevating and propelling 
|K>wcr contribute, by their short, rapid, swinging movements, to continuity 
of motion in the legs. No bird with large wings can run well. Tho albatross, for example, walks with difficulty, 
and the same may be said of the vulture and eagle. What, therefore, ap[X!ars a defect in the ostrich is a poutiw 
advantage when its habits and mode of locomotion are taken into account. 

Professional runners in many cases at matches reduce the length of their anterior extremities by flexing their 
arms and carrying them on a level with their cheat. It would seem that in rapid running there is not time for the 
arms to oscillate naturally, and that under these oircunistanci'S the arms, if allowed to swing about, retard rather 
than increase the sjieed. The centre of gravity is well forwanl in the ostrich, and is regulated by the movements 
of the head and neck, and the obliquity of the body and legs. In running the neck is stretched, the body inclined 
forward, and the legs moved alternately and with great rapidity. When the right leg is flexed and elevated, it 
swing* forwanl pendulum-fashion, and describes a curve whose convexity is directed towar<l8 the right side. When the 
left leg is flexed and elevated, it swings forwanl and i]cRcrilii« a curve whose convexity i.s directed towards the left 
side. The curves made alternately by the right and loft leg form when united a waved line {vidf Fig. 302, p. 1078), 
■ Vivl ili'Mitmii fiir HH-ininiinR. Kiwiiint* trr**, nr Hi-.-ininK i-r-'y. '1.. iicil ..|i.Taf tu mlviin !«■:.■ mi a Hm Mirfiir^r.. Tlir nwkmnl vmAAh of tlw 
BWiiii. luin-i.l. mill .iijjli- whim im tlie grtiiiii<l iilliirdH illuntnitiims. 

' III •IiiiiikIiI iKinM'H tliP lii^ an- iinifli wi.li-r iil«ri thsii in rawr* : 1li.- l-u- i.f llii- cWr liHnf; Ipw ttidi-ly si>t lliiiti Uinm.- nfthr raver. 
> 111 llii> Aj-Wyx Ih.'WiliiOinrt *" vrij-amiill lliat llii' liir.1 i- c-iitiiiii..[ily -|".k.n ..f(.^Ili.■ ■Miiiijili™ liini " 




.... , „ - '•' "'"' fniliniMitary 

wiii)^ i>r (li« liini ; till- 'iblii|l)ity at whii'li tlm 
lionrd lit thp li>KH and wiiif(H an; jilari'd. Aiid lliii 
t«nii>nn>tiv>'1y imiiill shkIi'ii wliirh any two lioiim 
maku at tfartr pnilit nf jutictjciii. n, Ang\f made 
1>v rrnmr witli ilium ; h, annJf iiiiule liy ttlna ai 
Hlntla Willi fiiiiur ; f. niijfli! iiiadi.- liv tursii-iiii'1 
tara«l Imne with tiliiit ami tiliula ; if. nugir iiiu 
liy iHiiifjt i>r foot with tarnn.iiK'tataraiil l»ii 
f. /. U>iini iif wiuji iiitliiifd tu I'nrh iitlii'r 
nearly ri)(hl iiii);liit (afltT Itrunii). 



THE LOCOMOTION OF BIRDS 



1 119 




Fio. 375. — Shows that locomotion in the bii>ed and qiiad- 
ruj)ed is effected by curved ])enduhini movements occurring in 
more or less vertical and horizontal planes : the movements 
ninning into each other to form wavetl oblique Hgure-of-8 tra- 
jectories (the Author, 1867, 1872, and 1878>. 



When the right leg is flexed, elevated, and advanced, it rotates upon the iliac portion of the trunk of the bird ; 
the trunk being supported for the time being by the left leg, which is extended, and in contact with the ground. 
When the left leg is flexed, elevated, and advanced, it, in like manner, rotates upon the iliac portion of the tnmk, 
which in this instance is supported by the extended right leg. The leg which is on the ground for the time being 
supplies the necessary lever, the ground the fulcrum. When the right leg is flexed and elevated, it rotates upon 
the iliac portion of the trunk in a forward direction, the right foot describing the arc of a circle. When the right 
leg and foot are extended and flxed on the ground, the trunk rotates upon the right foot in a forward direction to 
form the arc of a circle, which is the converse of that formed by the right foot. If the arcs alternately supplied 
by the right foot and trunk are placed in opposition, a more or less perfect vertical circle is produced, and thus 
it is that the locomotion of animals is approximated to the wheel in mechanics. Similar remarks are to be made 
of the left foot and trunk. The alternate rolling of the trunk on the extremities, and the extremities on the trunk, 
utilises or works up the inertia of the moving mass, and powerfully contributes to continuity and steadiness of 
action in the moving parts. By advancing the head, neck, and anterior parts of the body, the ostrich inaugurates 
the rolling movement of the trunk, which is perpetuated by the rolling movements of the legs. The trunk and 
legs of the ostrich are active and passive by turns. The movements of the trunk and limbs are definitely co-ordinated. 
But for this reciprocation the action of the several parts implicated would neither be so rapid, certain, nor 
continuous. The speed of the ostrich exceeds that of every other land animal, a circumstance due to its long, 
powerful legs and great stride. It can outstrip without diffi- 
culty the fleetest horses, and is only captured by being 
simultaneously assailed from various points, or run down by 
a succession of hunters on fresh steeds. If the speed of the 
ostrich, which only measures six or eight feet, is so tran- 
scending, what shall we say of the speed of the extinct 
JEpyomis maxinus and Dinomis giganteus, which are sup- 
posed to have measured from fourteen to fifteen feet in 
height ? Incredible as it may appear, the ostrich, with its 
feet reduced to a minimum as regards size, and peculiarly 
modified for walking and running on solids, can also swim. 
Mr. Darwin informs us that ostriches take to the water readily, and not only ford rapid rivers but also cross from 
island to island. They swim leisurely, with neck extended, and the greater part of the body submerged. 

The vertical aQ4 lateral horizontal curves made by the feet and trunk of the ostrich and of bipeds and 
quadrupeds in walking and nmning, which, when united, form oblique figure-of-8 trajectories, are given at 
Fig. 375. 

In the above figure (375) a, 6, indicate the vertical and c, d, the lateral or horizontal plane of movement ; 
c, /, gp, refer to the lateral horizontal curves formed by the left leg and foot if they be made simply to oscillate 
pendulum-fashion as apart from walking ; A, i, /, those made by the right leg and foot under similar circumstances. 
A, Represents the curve made by the right leg, and c, that made by the left arm, which advance together to form 
one step ; t, the curve formed by the right arm, and /, that formed by the left leg, which advance together to form 
a second step ; 7, the curve made by the right leg, and g, that made by the left arm, which advance together to form 
a third step. At i, n, the vertical or upward curves made by the trunk when it rolls forward on the foot placed 
on the ground for the time being are given ; and at m, I, the downward curves made by the foot when the leg rolls 
forward pendulum-fashion on the iliac portion of the pelvis are seen, x, x\ Represent the axis of motion, and the 
darts the direction of motion. This figure (375) gives an accurate representation of the movements made by the 
limbs, feet, and trunk of bipeds when walking and running. It also shows how the feet, limbs, and trunks of 
quadrupeds form oblique figure-of-8 trajectories when walking, running, and galloping. 

The walking of the ostrich as depicted by instantaneous photography is given at Figs. 376 to 381 inclusive. 
The darts introduced by me indicate the curves made by the limbs and feet, and the direction of the movements 
in walking and running. 

Fig. 376 represents the ostrich with both feet on the ground, the left leg and foot being slightly flexed or bent 
and about to leave the ground to make a step forward. 

Fig. 377 represents the left leg and foot considerably flexed, off the ground, and in the act of swinging forward 
in a curve pendulum-fashion (see curved dart). 

FigB. 378, 379, and 380 show a continuation of the same movement, the flexion of the left leg and foot in 
Figs. 379 and 380 becoming less than in Fig. 378 preparatory to placing the left foot on the ground. 

At Fig. 381 the left leg is extended and the left foot firmly placed on the ground, and one step completed. 
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This figure ('381) also shows the right leg and foot flexed and elevated and about to begin a second step 
(see curved dart). 

The second step, as made by the right leg and foot in the adjutant, is given at Figg. 382 to 387 inclusive- 




Fir:. .S7tJ. 



Fkj. 377. 



Fic;. 378. 



Fi«. 379. 



Fii;. 380. 



Fir.. 381. 



Fios. 376 TO 381.— Show curve*! ]>en(luliim inoveiuents in Iwo ])latics made )>y the left leg and foot, and the IkmIv i»f tU 
ostrich in walking. 

It will be oteerved that in both the ostrich and the adjutant the leg which is flexed or bent, off the ground, aikl 
swinging forward in space, performs {)endulum movements ; these movements being peculiar in that they describe 
more or less vertical and lateral horizontal curves at one and the same time. As a matter of fact they describe 




Fig. 382. 



Fio. 383. 



Fio. 384. 



FiQ. 38r.. 



Fig. 386. 



Fi(». 387. 



oblique spiral curves not confined to one plane. The forward roll of the body on the leg which happens to be on 
the ground for the time being is also indicated in the walk of the ostrich and adjutant. 

The forward screwing diagonal curves made by the legs, feet, trunk, shoulders, haunches, neck, and head of 
the ostrich, when running, are given at Figs. 3.34 and 3.35, p. 1088 (see curved darts a, 6, and c, d ; compare witl 
Fig. 338, p. 1088). 

The locomotion of the ostrich and adjutant, especially the former, forms a fitting introduction to the locomotion 

of man. 



§ 344. Locomotion in Man. 

Man is pro|)erly regarded as the paragon of animals, and this estimate applies equally to his phjnsical power* 
and his mental attributes.* It is with the former we have more e8|)ecially to do in the present connection. The 
skeleton in man is delicately and daintily modelled, but |K)ssi»88ed of great strength, and the muscular system ift 
highly developed, and presents a contour w^hich for beauty of outline, adaptation, and power cannot be surpassed. 
There is no kind of physical feat which man cannot p(»rforni, and he is as far ahead of the animals in this respect 
as he towers above them in intellectual ca|)acity. 

In gymnastic feats he excels even the monkeys whoso lives are largely devoted to such exercises. His hands 
and feet are especially admirable structures. The former enable him to perform the most delicate operations and 
to construct the most wonderful and complicated machines larj/e and small ; they are the instruments to which 
all the arts owe their existence. But for his marvellously [perfect hamhi the intellect of man would be more or le«B 
an abstraction. The head and hand are correlated as no other ])arts of the body are. The human hand is a 
masterpiece of design. The human foot in some resiKJcts is scarcely inferior. It is capable of the most varied 
and delicate movements, and can be trained to do nearly all that the hand does : to ])aint, to write, to use edged 
tools, to convey food to the mouth, &c. The foot is the chief organ of hx-omotion, and it displays a fitness for 
this particular kind of work which cannot be too much admired. The bones of the foot are arranged in a double 

» '• What a pitv*" <»r work is a man? How nohh- in iva.s<»ii ' hi.w intinitr in f;irultir< ! in ti.nn mu] moving', liow rxjuvsw and oilniirahie ! in 
action, how likf an angi'l ! in api»rehen»ion, how likf a ginl : ' Sliakrs|Nar.-. • liarnl.t,' A.t ii . S.-. j. 
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arch which is more or less skewed, namely, an antero-posterior and lateral arch, the one gradually merging into the 
other ; an arrangement which at once secures strength and elasticity. The elastic properties of the foot, which 
confer spring upon it, are due to the presence of a large number of small bones each with a modicum of movement ; 
a disposition of parts which admita of a limited amount of yielding to enable the foot to adapt itself to unequal 
surfaces and so prevent shock and injury. A well-made foot is capable of enormous exertion and endurance, and 
thousands of miles may be traversed by it without discomfort provided it is properly protected, and. due intervals 
of rest allowed. 

The foot is furnished with its own intrinsic muscles and tendons, in addition to the muscles and tendons 
supplied to it by the leg. Altogether it is very bountifully endowed both as regards bones, muscles, and tendons, 
and but for its many physical perfections it would be altogether inadequate to perform the many complicated and 
important movements which it is called upon to discharge (Fig. 291, p. 1057). 

The osseous and muscular systems in man are best considered together, but no elaborate descriptions of either 
are required for the purposes of locomotion. 

The skeleton and the muscles moving it are to be regarded as complemental, co-ordinated structures, and they 
are to be considered in their entirety rather than in piecemeal fashion, that is, in detached portions or areas 
(Figs. 254 and 255, p. 1030). Muscles rarely act individually. As a rule they act simultaneously in co-ordinated 
sets. But for this arrangement voluntary movements and locomotion would be alike impossible. Voluntary 
movements and locomotion are equally the result of training, and much and steady training is required to educate 
the arms and hands to perform the various functions assigned to them in the arts of peace and war. In like 
manner the legs and feet have to be educated to walk and nm. This education, so irksome and laborious, consists 
in training the various muscles and bones to act in concert in order to accomplish given ends promptly and effectively. 
It would avail nothing to train one muscle and one bone. The osseous and muscular systems consist of many 
parts, and their actions are co-ordinated and grouped. Voluntary movement in any part or region of the body is 
the result of co-ordinated muscular cycles acting consentaneously on given bones and joints which are so constructed 
and so arranged that they give effect to, and emphasise, the muscular movements. The muscles and bones are 
so exquisitely adjusted to each other that a fine poise or balance is always maintained and no power lost. The 
muscles and bones never war against each other. The muscles alternately exert a centripetal and centrifugal power 
in moving the bones, and in virtue of this double power the bones can literally be moved to a hair's-breadth. 
When one set of muscles exert their centrifugal power or elongate (relax), the complementary set exert their centri- 
petal power or shorten (contract) ; the bones placed between the two sets of muscles being made to move and 
vibrate with the utmost exactitude. The delicate, rapid, vibratory movements of muscles and bones are seen to 
perfection in the bird's wing during flight. An animal with a highly developed, differentiated muscular and bony 
system can act instantly in whole or in part. It represents a living mass, every part of which is directly or 
indirectly under control. It acts under the influence of the will, and its movements are in no sense regulated by 
external stimulation or outside influences. By regarding the osseous and muscular systems as wholes an animal 
is free to move at discretion. It has the whip hand of the situation and can regulate its every movement with a 
degree of nicety otherwise imattainable. An educated, trained muscular system makes no mistakes. When it 
has once obtained the mastery of itself by frequent efforts and repetition it acts more or less automatically, but 
always correctly. All these arrangements, which are means to ends, betoken design. The movements in question 
begin in utero before they are under the influence of the will, and the so-called involuntary movements are not under 
the control of the will even in adults. The movements of the chest, heart, stomach, alimentary canal, bladder, 
uterus, &c., furnish examples of involuntary movements. It is not possible to draw a sharp line of demarcation 
between voluntary and involuntary movements ; the one runs into the other under certain circumstances and 
conditions, and movements which are voluntary in sane persons not unfrequently become involuntary in 
insane persons. 

The cerebro-spinal nervous system exerts a regulating, controlling power in the case of voluntary muscles, 
and the sympathetic nervous system in the case of involuntary muscles. Muscles in the higher animals are always 
associated with nerves, as they are associated with bones, and the three act consentaneously and together to over- 
take the work of the body whether that be voluntary or involuntary in its nature. 

This explains why locomotion may be intelligent or automatic, or partly the one and partly the other. A 
man may walk and run with or without thinking when he has once acquired the art of walking and running. 

While the osseous and muscular systems are best treated together, it is convenient to examine them separately. 
I therefore give separate illustrations of the human skeleton, and of the human voluntary muscular system. As 
the skeleton affords points of attachments (origins and insertions) to the voluntary muscles, and at the same time 
forms a supporting structure, I begin with it. 

VOL. HI. O 
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A fine representation of the human skeleton is given at Fig. 388. 

The spe»l attained by man, although considerable, is not remarkable. It depends on a variety of ciiraiD- 
Btances, such as the height, age, sex, and muscular energy of the individual, the nature of the surface passed ora. 
and the resistance to forward motion due to the presence of air, whether still or moving. A reference to tin 
human skeleton, particularly its inferior extremities, will explain why the speed should be moderate. 

On comparing the inferior extremities of man with the le^ of birds, or the 
poaterior extremities of quadrupeds, say the horse or deer, we find that the boi» 
composing them are not so obliquely placed with reference to each other, neithn 
are the angles formed by any two bones so acute. Further, we observe that in 
birds and quadrupeds the tarsal and metatarsal bones are so modified that they 
form additional angles. In the extremities of birds and quadrupeds there an 
four angles, which may be increased or diminished in the operations of locomotion. 
Thus, in the quadruped and bird the femur forma with the ilium one angle ; tbt 
tibia and fibula with the femur a second angle ; the cannon or tarso-metstsrail 
bone with the tibia and fibula a third angle ; and the bones of the foot witli 
the cannon or taiso-metatar«al bone a fourth angle. In man the bones of tlx 
legs only form three angles. The absence of the fourth angle is due to the fict 
that in man the tarsal and metatarsal bones are shortened and crowded together; 
whereas in the quadruped and bird they are elongated and separated. 

As the speed of a limb increases in proportion to the number and acntenen d 
the angles formed by its several bones, it is not difficult to understand why nan 
should not be so swift as the majority of quadrupeds. The increase in the number 
of angles increases the power which an animal has of shortening and elongating 
its extremities, and the levers which the extremities form. To increase the leng^ 
of a lever is to increase its power at one end, and the distance through which it 
moves at the other ; hence the faculty of bounding or leaping poeseased in suiA 
perfection by many quadrupeds.' If the wing be considered as a lever, a sndl 
degree of motion at its root produces an extensive sweep at its tip. It 'a thu 
that the wing is enabled to work up and utilise the thin medium of the air u ■ 
buoying medium. 

The manner in which the angles formed by the bones of the limbs are in- 
creased and diminished, and the limbs themselves elongated and shortened, i> 
Km. 38S.- Skeliiiiii ofiiian /(.Ball- readily understood from the following mechanical arrangement (lazy tongs) which 
■iid-Biii'kct joint of ahuiildtr ; b. aiiirul readily admits of the angles being increased and diminished (Fig. 389 A, B). 
d, "iliririianil joiX, as Been in tlip Another drawback to great speed in man is his erect position. Part of thf 

right >nii wid hfliiJ. The Imres of power which should move the limbs is devoted to supporting the trunk. F« 
tlie »nii, foreann, iiiid liaiid are all f ,i . -.11 ■.,,,- , ,-,.,., 

mow or Irm Bjiinil. The rai)in8 is si*n ttic same reason the bones 01 the legs, instead of bemg obliquely mclined to each 
twiitiii|{ri>mid_tli«uliiii_l«twt'«iij'ai_"i other, as in the quadruped and bird, are arranged in a nearly vertical spiral hue. 
This arrangement increases the angle formed by any two bones, and, as a con- 
sequence, decreases the speed of the limbs, as explained. A similar dispositioD 
of the hones is found in the anterior extremities of the elephant (Plate cl.. Fig. 2. 
p. 1028), where the sui>erincumbent weight is great, ami the speed, considering the 
immense size of the animal, not remarkable. The hones of the human 1^ are 
beautifully adapted to sustain the weight of the body and neutralise ahock." 
Thus the fenmr or thigh bone is furnished at its upper extremity with 1 
ball-and-socket joint which unites it to the cup-shaped depression (acetabulum) 
in the ilium (hip bone). It is supplied with a neck which carries the body or shaft of the bone in u 
oblique direction from the ilium, the shaft being arched forward and twisted upon itself to form an eloo^ted 
cylindrical screw. The lower portion of the femur is furnished with spiral articular surfaces accurately adsi^ 
to the upper portions of the bones of the leg, namely, the tibia and fibula, and to the patella. The bones of 
the leg (tibia and fibula) are spirally arranged ; the screw in this instance being split up. At the ankle the bones 
of the leg are applied to those of the foot by spiral articular surfaces analogous to those found at the knee-joint. 




. _ iniiare with the tun-hg of tlu> 
eleiihaiit and th<- wjut: «f the lijnl 
(KW !.0r,. A uid B, I.. 10791 ; e. Iwll- 
uiid-iiw.'ket joint of liip : /, Hl>ii^l kne» 
joint ; If. *]Aial tkukW joint ; h. sjiinl 
Pout joiuts, aa wi-ii in the riglit li 
Tliu iNiiiea of till.- leKM, liki- tli.«e ot I 
amm. are all diatiiii-Ily Hinrat. 1 
eonttmr of the Ixidy in indivateil l>v tin- 
faint oiltlini' iiiveslinK the Hkeleluti 
(after Li-veilJe). 
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both the lion and ti^er ntv longer, alid Ihi; bun™ i 



> Ihp |HSt4!nor cxtreiiiltiea lu ooin uie iiun auu iik<-i mv lungci. 
friiini! then) (trwit^r iiower and elasticity in Bpringing.'' 

' '■ Tlie jKlvis receive), the whole weight of tlie trunk iiml ><u]>er|KHe(J 
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The weight of the trunk is thus thrown on the foot, not in straight lines, but in a series of curves. The foot itself 
is wonderfully adapted to receive the pressure from above. It consists of a series of small bones (the tarsal, meta- 
tarsal, and phalangeal bones), arranged in the form of a double arch ; the one arch extending from the heel towards 
the toes, the other arch across the foot (Figs. 290 and 291, pp. 1057). The foot is so constructed that it is at 
once firm, elastic, and movable, — qualities which enable it to sustain pressure from above, and exert and transmit 
pressure from beneath. In walking, the heel first reaches and first leaves the ground. When the heel is elevated 
the weight of the body falls more and more on the centre of the foot and toes, the latter spreading out ^ as in birds 
to seize the ground and lever the triuik forward. It is in this movement that the wonderful mechanism of the 
foot is displayed to most advantage, the multiplicity of joints in the foot all yielding a little to confer that elasticity 
of step which is so agreeable to behold, and which is one of the characteristics of youth. The foot may be said 
to roll over the ground in a direction from behind forwards. I have stated 
that the angles formed by the bones of the human leg are larger than those 
formed by the bones of the leg of the quadruped and bird. This is especially 
true of the angle formed by the femur with the ilium, which, because of the 
upward direction given to the crest of the ilium in man, is so great that it 
virtually ceases to be an angle. 

The bones of the superior extremities in man merit attention from the fact 
that in walking and rimning they oscillate in opposite directions diagonally, 
and alternate and keep time with the legs ; the right arm advancing with the 
left leg, while the left arm swings back ; the left arm advancing with the right 
leg while the right arm swings back. There is this difference. The arms oscil- 
late and have a forward and backward movement ; the legs always advance. 

The arms are articulated at the shoulders by ball-and-socket joints to cup- 
shaped depressions (glenoid cavities) closely resembling those found at the hip 
joints (Fig. 270, A, B, p. 1043). The bone of the arm (humerus) is carried away 
from the shoulder by a short neck, as in the thigh bone (femur). Like the 
thigh bone it is twisted upon itself and forms a screw. The lower end of the 
arm bone is furnished with spiral articular surfaces resembling those found at 
the lower end of the femur which take part in the formation of the knee-joint, of the lazy um^ l)e sejmrated the angles 

rr,i • 1 X- 1 f e J^^ i i ^ i x • -i It (r/, 6, r) formed bv their comiwiieiit jMuls 

ihe spiral articular surfaces of the arm bone are adapted to similar surfaces •/---. 

existing on the upper ends of the bones of the forearm, to wit, the radius and 

ulna. They assist in the formation of the elbow joint. The bones of the 

forearm are spirally disposed with reference to each other, and form a screw 

consisting of two parts ; the radius rotating and twisting round the ulna in 

pronation and supination. 

The bones of the forearm are united to those of the wrist (carpal) and 
hand (metacarpal and phalangeal) by articular surfaces displaying a greater or 

less degree of spirality. From this it follows that the superior extremities of man greatly resemble his inferior 
ones ; a fact of considerable importance, as it accounts for the part taken by the superior extremities in loco- 
motion. In man the arms do not touch the ground as in the brutes, but they do not on this account cease to 
be useful as instruments of progression. If a man walks with a stick in each hand the movements of his 
extremities exactly resemble those of a quadruped. 

These points are readily made out by a reference to the human skeleton. For illustrations of spiral bones and 
joints in the elephant and in man see Plate cl.. Figs. 1, 2, 3, and 4, p. 1028. 

The bones of the human extremities (superior and inferior) are seen to advantage in Fig. 388 ; and I particularly 
direct the attention of the reader to the ball-and-socket or universal joints by which the arms are articulated to 
the shoulders (a), and the legs to the pelvis (e), as a knowledge of these is necessary to a comprehension of the 
oscillating or pendulum movements of the limbs now to be described. But for the ball-and-socket joints, and the 
spiral nature of the bones and articular surfaces of the extremities, the undulating, sinuous, and more or less con- 
tinuous movements observable in walking and running, and the twisting, lashing, flail-like movements necessary to 
swimming and flying, would be impossible. 

The leg in the human subject is supplied with three joints, namely, the hip (e), knee (/), and ankle (g) joints. 
When standing in the erect position on one leg, the hip joint permits the free limb to move forwards and back- 



Fk;. 389.— a. Shows that if the handle 

of 



or by the lx)iies of the limb are acute or 

small angles. In this case the limb is 
flexed and shoilened. 

B. Shows that if the handles of the 
tongs be dra>vn together the angles (rf, c,/) 
formed by their comjwnent parts or by 
the bones of the limb are obtuse or large 
angles. In this case the limb is ex- 
tended and elongated. ComiMire with 
Figs. 421, 422, and 423 (the AuthorS 



* The spreading action of the toes is seen to jierfection in (children. It is more or less destroyed in adults from a faulty principle in boot and 
shoemaking, the soles being invariably too narrow. 
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wards, outwards and inwards, and also to rotate or circumduct ; the knee-joint admits of backward and forward 
movement, and the ankle-joint of upward and downward, and outward and inward movements. When the body 
or limbs are inclined obliquely, or slightly flexed, the range of motion is increased. 

The greatest angle made at the knee-joint is equal to the sum of the angles made by the hip and ankle joints 
when these joints are simultaneously flexed, and when the angle of inclination made by the foot with the ground 
equals 30°. 

From this it follows that the trunk maintains its virtually erect position during the extension and flexion of 
the limbs. The step in walking was divided by Borelli into two periods, the one corresponding to the time when 
both limbs are on the ground ; the other when only one limb is on the ground. In running, there is a brief period 
when both limbs are off the ground. In walking, the body is alternately supported by the right and left legg, and 
advanced by a sinuous movement. Its forward motion is quickened when one leg is on the gronnd, and slowed 
when both are on the ground. When the Umb (say the right leg) is flexed, elevated, and thrown forward, it retonv 
if left to itself (that is, if its movements are not interfered with by the voluntary muscles) to the position from 
which it was moved, namely, the vertical, unless the trunk bearing the limb is inclined in a forward direction at the 
same time. The limb returns to the vertical position, or position of rest, in virtue of the power exercised by gravity, 
and from its being hinged at the hip by a ball-and-socket joint, as explained. In this respect the human limb when 
allowed to oscillate exactly resembles a pendulum — a fact first ascertained by the brothers Weber. The advantage 
accruing from this arrangement, as far as muscular energy is concerned, is very great, the muscles doing compan- 
tively little work.^ In beginning to walk, those portions of the body and limb which are to take the first step are 
advanced together. When, however, the body is inclined forwards, a large proportion of the step is performed 
mechanically by the tendency which the pendulum formed by the leg has to swing forward and regain a verticil 
position, an effect produced by the operation of gravity alone. The leg which is advanced swings further forward 
than is required for the step, and swings back a little before it can be deposited on the ground. The pendulum 
movement effects all this mechanically. When the limb has swung forward as far as the inclination of the body 
at the time will permit, it reverses, pendulum fashion ; the back stroke of the pendulum actually placing the fool 
upon the ground by a retrograde, descending movement. When the right leg with which we conunenced is extended 
and firmly placed upon the ground, and the trunk has assumed a nearly vertical position, the left leg is flexed, 
elevated, and the trunk once more bent forward. The forward inclination of the trunk necessitates the swinging 
forward of the left leg, which, when it has reached the point permitted by the pendulum movement, swings back 
again to the extent necessary to place it securely upon the ground. These movements are repeated at stated and 
regular intervals. The retrograde movement of the limb is best seen in slow walking. In fast walking the pendulum 
movement is somewhat interrupted from the limb being made to touch the ground when it attains a vertical position, 
and therefore before it has completed its oscillation.* The swinging forward of the body may be said to inauguiate 
the movement of walking. The body is slightly bent and inclined forwards at the beginning of each step. It is 
straightened and raised towards the termination of that act. The movements of the body begin and terminate the 
steps, and in this manner regulate them. The trunk rises vertically at each step, the head describing a slightly 
upward curve well seen in the walking of birds. 

When the right foot is fixed on the ground and a step is being made by the left foot, the left leg is flexed and 
the left shoulder elevated ; the elevation of the left shoulder facilitating the flexion of the left leg. Conversely, when 
the left foot is fixed on the ground and a step is being made by the right foot, the right leg is flexed and the right 
shoulder elevated. The alternating raising and depressing of the right and left shoulders correspond with the flexion 
and extension of the limbs in walking and running, and are due to a twisting, diagonal movement which occon 
partly in the hips and partly in the shoulders, as shown at Fig. 328, p. 1087. 

The trunk and limbs are active and passive by turns. In walking, a spiral wave of motion, most marked in 
an antero-posterior direction (although also appearing laterally), nms through the spine. This spiral spinal move- 
ment is observable in the locomotion of all vertebrates. It is emphasised in man by the antero-posterior curves 
(cervical, dorsal, and lumbar) existing in the human vertebral column. In the effort of walking the trunk and limbs 
oscillate on the ilio-femoral articulations (hip-joints). The tnmk also rotates in a forward direction on the foot which 
is placed upon the ground for the time being. The rotation begins at the heel and terminates at the toes. So 
long as the rotation continues, the body rises. When the rotation ceases, and one foot is placed flat upon the ground, 
the body falls. The elevation and rotation of the boily in a forward direction enable the foot which is off the ground 
for the time being to swing forward, pendulum fashion. The swinging foot, when it can oscillate no further in a 

* The lin»tln;r8 Wi^lwr found that so loug as the muscles exert the ^ener.il force necessary to execute locomotion, the velocity depends on tb* 
size of the legs and on oxtenial forces, but 7Utt oil (he strcmjth »/ thf muifclrs. 

* "In (iui<*k walking and ninuing the swinging leg never i»ass<'.s beyond the vertir'.al which cuts the head of the femur." 
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forward direction, reverses its course and retrogrades to a slight extent, at which juncture it is deposited on the 
ground, as explained. The retrogression of the swinging foot is accompanied by a slight retrogression on the part 
of the body, which tends at this particular juncture to regain a vertical position. From this it follows that in 
slow walking the trunk and the swinging foot advance together through a considerable space, and retire through a 
smaller space ; that when the body is swinging it rotates upon the ilio-femoral articulations (hip-joints) as an axis ; 
and that when the leg is not swinging, but fixed by its foot upon the ground, the trunk rotates upon the foot as 
an axis. These movements are correlated and complementary in their nature, and are calculated to relieve the 
muscles of the legs and trunk engaged in locomotion from excessive wear and tear. 

Similar movements occur in the arms, which, as has been explained, are articulated to the shoulders by ball- 
and-socket joints. The right leg and left arm advance together to make one step, and so of the left leg and right 
arm. When the right leg advances the right arm retires, and vice versd. When the left leg advances the left arm 
retires, and the converse. There is therefore a complementary swinging of the limbs on each side of the body, the 
leg swinging always in an opposite direction to the arm on the same side. There is, moreover, a diagonal set of 
movements, also complementary in character ; the right leg and left arm advancing together to form one step ; the 
left leg and right arm advancing together to form the next. The diagonal movements beget a lateral twisting of 
the trunk and limbs at the shoulders and hips ; the oscillation of the trunk upon the limbs and feet, and the 
oscillation of the feet and limbs upon the trunk, generating a forward wave movement, accompanied by a certain 
amount of vertical undulation. The diagonal movements of the trunk and extremities are accompanied by a certain 
degree of lateral curvature ; the right leg and left arm, when they advance to make a step, each describing a curve 
the convexity of which is directed to the right and left respectively. Similar curves are described by the left leg 
and right arm in making the second or complementary step. When the curves formed by the right and left legs 
and the right and left arms are joined, they form waved figure-of-8 tracks symmetrically arranged on either side 
of a given line. The curves formed by the legs and arms intersect at every step. Similar curves are formed by 
the quadruped when walking, the fish when swinMning, and the bird when flying. 

From the foregoing it will be evident that the trunk and limbs have pendulum movements which are natural 
and peculiar to them, the extent of which depends upon the length of the parts. A tall man and a short man 
can consequently never walk in step if both walk naturally and according to inclination.^ 

In traversing a given distance in a given time, a tall man will take fewer steps than a short man, in the same 
way that a large wheel will make fewer revolutions in travelling over a given space than a smaller one. The relation 
is a purely mechanical one. The nave of the large wheel corresponds to the ilio-femoral articulation (hip-joint) of 
the tall man, the spokes to his legs, and portions of the rim to his feet. The nave, spokes, and rim of the small 
wheel have the same relation to the ilio-femoral articulation (hip-joint), legs, and feet of the small man. When a 
tall and short man walk together, if they keep step, and traverse the same distance in the same time, either the 
tall man must shorten and slow his steps, or the short man must lengthen and quicken his. 

The slouching walk of the shepherd is more natural than that of the trained soldier. It can be kept up longer, 
and admits of greater speed. In the natural walk, as seen in rustics, the complementary movements are all evoked. 
In the artificial walk of the trained army man, the complementary movements are to a great extent suppressed. Art 
is consequently not an improvement on nature in the matter of walking. In walking, the centre of gravity is being 
constantly changed — a circumstance due to the diflFerent attitudes assumed by the difEerent portions of the trunk 
and limbs at different periods of time. All parts of the trunk and limbs of a biped, and the same may be said of 
a quadruped, move when a change of Ideality is effected. The trimk of the biped and quadruped when walking 
are therefore in a similar condition to that of the body of the fish when swimming. 

In running, all the movements described are exaggerated. Thus the steps are more rapid and the strides greater. 
In walking, a well-proportioned six-feet man can nearly cover his own height in two steps. In running, he can cover 
without difficulty a third more. 

As the various movements witnessed in walking and rimning in man are primarily due to his muscular system, 
which is elaborate and powerful, it is necessary at this stage shortly to refer to it. I consequently give three views 
of the said system ; namely, an anterior, lateral, and posterior view, as seen in a well-developed adult male 
(Figs. 390, 391, and 392). 

Without going into the subject too minutely, an attentive examination of the figures will reveal the important 

' "The number of steps which a peraon can take in a given time in walking depends, first, on the length of the leg, which, goveined by the 
laws of the |M!ndulum, swings from behind forwards ; secondly, on the earlier or later interruption which the leg experiences in its arc of oscilla- 
tion by being placed on the ground. The weight of the swinging leg and the velocity of the tnink serve to give the impulse by which the foot 
attains a ]x)8itiou vertical to the head of the thigh-bone ; but as the latter, according to the laws of the pendulum, requires in the (quickest 
walking a ^ven time to attain that position, or half its entire curve of oscillation, it follows that every person has a certain measure for his steps, 
and a certain number of steps in a given time, which, in his natural gait in walking, he cannot exceed." 
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fact that, in all the regions of the body, the muscles are arranged in strsight, slightly oblique, oblique, and toau- 
verse spiral lines ; a circumstance which accounts for the flexion or shortening and the extenuon or elongating a( 
the limbs, for the curved spiral iigiire-of-8 pendulum movements of the limbs, for the double diagonal twisting whieb 
occurs at the shoulders and hips, for the ball-and-socket universal movements at the shouldeiB and Hips, for the 
pronation, supination, and circumduction of the limbs, and for the spiral movements at the elbows and knees, at tlw 
wrists and ankles, and at the hands and feet. 

Thus in Fig. 30O (anterior view) straight, slightly oblique, and oblique spiral muscles are seen in the arms ud 
legs, transverse muscles occurring in the deeper parts ; similar muscles are seen in the trunk ; the ti»nBvene ons 




Fw, 390. Fio. 391. 

Fioj". 390, 391, AXD 392.— Anterior, lateral, and posterior 



8 of tlio nm SCI liar syst 



a man (after Leveille). 



being well marked on the left breast and round the left shoulder joint where the left arm is united to the bodj. 
In Fig. -till (right lateral view) the straight and oblique muscles are seen in the limbs, and the wry oblique ssd 
transvciBe muscles in the trunk ; the very oblique and transverse musclea being well marked at the left shonUu 
and right hip where the left arm and right leg are articulated to the body by ball-andnsooket joints and whett 
universal movements occur. In Fig. .392 (posterior view) the straight, slightly oblique, very oblique, and transveiw 
muscles are all represented ; the straight muscles preponderating in the limbs, and the oblique and transyeise oms 
in the shoulders, hips, and trunk. The arrangement of the tendons of the muscles in the vicinity of joints, sal 
especially in the hands and feet, is important as showing how the hands and feet, and parts thereof, are mond- 
The movements of the feet are a sine qua non in locomotion. 

The figures under consideration show very conclusively that the muscles act in groups and in masses, and tbit 
no movement, however simple, is traceable to the action of any one muscle. The movements of every part of tht 
body, and es[>ecially of the limbs, are due to simultaneous, co-ordinated action occurring in several muscles ; the 
muscles in every instance acting harmoniously, in a given direction and to a given end. But for this ciroumstaiMe. 
ordinary walking and running in man would be impossible. So much is this the case, that the muscles ( 
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in walking and running must be specially trained to act together, and one haa only to watch the futile efforts oi 
8 child when learning to walk and run to realise what a slow, difficult, and seriouB matter it is to train muscles at 
the beginnii^ of life. What holds true of the legs holds true of the arms and every part of the body. The com- 
plicated, graceful, spiral figure-of-8 movements already alluded to, which have still to be considered in detail, 
are due to the muscular arrangements, and the training of muscles, as referred to above. 

All the points referred to in the walking and running of man can readily be made out and verified by a careful 
examination of instantaneous photographs. 

Before describing the photographs illustrating the normal movementa in walking and running in man, it may be 
■well to allude very briefly to the artificial or abnormal movements as witnessed in a nude child walking on its hands 
and knees in imitation of the horse, and to a nude woman walking on all fours in imitation of a giraffe, where 
the extremities of the one side advance together to make one step and those of the other side advance together to 
make a second st«p (Figs. 393, 394, 395, and 396). 

At Fig. 393 (child) the right arm which is straight, and the left leg which is flexed, are being advanced 
in diagonal and opposit* complemental curves (see darta) to make one step. 

At Fig. 394 the left arm which is straight and the right leg which is flexed, are being advanced in diagonal 




Tin. 385. 
FioB. 393 AND 394. 
FiuH. 395 AND 39G. 



-Nude child walking on its ]ibii(1h and kneei. 
-Nude woman walking on her hands and feet. 



and opposite complemental curves (see darts) to make a second step. The screwing or twisting movements at the 
shoulders and hips are well seen in these figures. 

At Fig. 395 (woman) the hips are seen screwing towards the spectator {vide curved dart) ; the shoulders 
screwing away from him. 

At Fig. 396 the shoulders are seen screwing towards the spectator (vide curved darts) ; the hips screwing away 
from him. All these figures illustrate the diagonal -double -curve -sere wing movements which occur at the shoulders 
and hips, and in the arms and legs respectively, both in artificial and natural walking. 

The various positions assumed by the head, body, arms and hands, legs and feet, in the fast walk in a nude 
adult man are given at Figs. 397 to 4(H inclusive. 

At Fig. 397 the head and body are inclined forwards and the right arm and left leg are advancing together 
in diagonal opposite complemental curves {see curved darts a, k), to form one step ; the left arm is swinging 
backwards {see curved dart «') The toes of the right foot are on the ground and about to leave it in the direc- 
tion indicated by the curved dart b'. The heel of the left foot is placed on the ground and the foot is about to 
roll forward in the direction indicated by the curved dart (&). This figure shows the heel and toe movement of 
walking to perfection. 

At Fig. 398 the body is bent forwards and the head a little lower than in Fig. 397. The right arm and left 
leg are still in advance of the body, but the right and left arms are oscillating, pendulum-fashion, in opposite 
directions (see curved darts c, c'), the right foot has left the ground and is about to swing forward and deeoribe 
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a curve whose convexity is directed away from the mesial line of the body (see curved dart i'). The left foot is 
rolling downwards and forwards on the heel [see curved dart d). 

At Fig. 399 the body is less bent forward and the head a little higher than in Fig. 398. The body is 
beginning to roll over the left foot, which is firmly placed on the ground. The rolling movement is continued in 
Figs. 400, 401, 402, and 403. The right arm and left leg are still in advance of the body, the oscillations of the 
right and left arms in opposite directions being continued. The right and left arms are also neaiing the body (see 
curved darts e, e'). The left foot is now placed on the ground, the right foot having still further left the ground 
(see curved darts /, /'). 

At Fig. 400 the body and head are more erect than in Figs. 397, 398, and 399. The right arm (g) and left leg 



Fk;. 397. 



Vui. 398. 



Fio. 399. 



Fig. 400. 





Fio. 401. 



Fk;. 402. 



Fio. 403. 



Fio. 404. 



Figs. 397 to 404. — A nude man walking at a brisk pace. Tlie heel and tx)e movements and the forward roll of the feet, as well 
as the alternate forward roll of the trunk on the feet and legs, and of the feet and leg:^ on the trunk, are well seen in these figuiei 
The double and opposite diagonal screwing movements of the body at the shoulders and haunches in walking are seen to advantage it 
Fig. 403. In this ngure the left arm (m) is screwing towards the spectator — the right leg (n) screwing away from him. 

(A) are nearly in a line with the body ; the right leg and foot being much more flexed and ready to swing forwards, 
pendulum-fashion, in the direction indicated by the curved dart h' to inaugurate a second step. 

At Fig. 401 the body and head are a little more inclined forwards than in Fig. 400. The first step is completed, 
and the left arm and right leg are advancing together to begin a second step (see curved darts % and /). The right 
arm is beginning to swing back and the left foot is placed firmly on the ground. 

At Fig. 402 the body and head are more inclined forwards than in Fig. 401. The left arm and right leg are 
in advance of the body and making diagonal opposite complementary curves (see curved darts k, l). The left 
and right arms are swinging in opposite directions (see curved darts k, k') ; the right foot is off the ground and 
swinging forward (see curved dart I) ; the toes of the left foot (V) only being on the ground. 

At Fig. 403 the body and head are more bent forward than in Fig. 402. The left arm and right leg are wdl 
in advance of the body and making diagonal and opposite complemental curves (see curved darts m, n). The 
left and right arms are swinging pendulum-fashion in opposite directions (m, m') ; the heel of the right foot (») is 
about to be placed on the ground and the toe of the left foot (n') is preparing to leave the ground. This figure 
shows in a striking manner the diagonal, screwing movements which occur at the shoulders and hips ; the shoulden 
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twisting towards the spectator, and the hips away from him. It also shows how the arms and legs, oscillating as 
they do on either side of a given line, balance the body in the movements of walking. The oscillating arms and 
legs also help each other over their respective dead points, and so contribute powerfully to continuity of movement 
in the body as a whole. 

At Fig. 404 the body and head are still more bent forward than in Fig. 403. The second step is completed, 
and the body and limbs are in the same position as in Fig. 397, with the difference that everything is reversed. 
Thus the left arm and right leg are in advance of the body and making diagonal opposite complemental curves 
{see curved darts o, p) ; the right arm and left leg being behind the body ; the left and right arms are oscillating 
in opposite directions (see curved darts o, o'), but their positions are reversed when compared with their position 
in Fig. 397. Fig. 404 is in reality Fig. 397 reversed. Figs. 397 and 404, and 398 and 403 show in a characteristic 
manner the diagonal, screwing, figure-of-8 movements occurring at the shoulders and hips, which are so important 
in the continuous forward movements of the body as a whole ; but all the other figures, namely, 399 and 402, and 
400 and 401, show the same thing although in a lesser degree. 

These movements are also seen to advantage in Figs. 405 to 410 inclusive, which represent a man walking 
rapidly as observed from before and from behind. 

In Fig. 405 (anterior view) the pedestrian is making a step with the right leg and foot ; the left arm (a) and 
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Fift. 405. 



Fi(i. 406. 



Fkj. 407. 



Fio. 408. 



Fio. 409. 



Fio. 410. 



F1G8. 406 TO 410.— Show the curved, diagonal, screwing, figure-of-8 movements made by a man in walking, anterior and posterior 
views. 

right leg (b) advancing and forming diagonal and opposite complemental curves (see curved darts a, b). These 
movements are largely occasioned by a diagonal screwing or twisting at the left shoulder and right hip. In Fig. 407 
(anterior view) a step is being made with the left leg and foot ; the right arm (c) and the left leg (d) advancing 
and making diagonal and opposite complemental curves (see curved darts c, d), owing to a diagonal screwing or 
twisting occurring at the right shoulder and left hip. 

In Fig. 406 (anterior view) a step by the left leg and foot is in progress. In this case the left shoulder is taised 
and the left leg and foot flexed and shortened and in the act of swinging forward pendulum-fashion. The raising 
of the shoulder alwa3rs accompanies the flexion of the limb on the same side of the body. Thus when the right limb 
is flexed and making a step, the right shoulder is elevated ; conversely when the left limb is flexed and making 
a step, the left shoulder is elevated. Fig. 407 is the reverse of Fig. 405. 

In Fig. 408 (posterior view) the left arm (e) and right leg (/) are screwing forward and making diagonal and 
opposite complemental curves (see curved darts e, /) ; the heel of the right foot being placed on the ground, and 
the toes of the left foot being about to leave it. At k, I, the diagonal-screwing movements (see spiral, double- 
curved darts) occurring at the shoulders are represented, and at w, n, similar movements occurring at the hips are 
given. The spiral, double-curved darts cross each other from the fact that in walking the shoulders and hips twist 
alternately from right to left and from left to right ; the rule being that the shoulders twist from right to left and 
the hips from left to right when the right leg leads and i& making a step ; while the shoulders twist from left to 
right and the hips from right to left when the left leg leads and is making a step. Each step is characterised by 
twisting, diagonal, spiral movements which are opposite and complemental at the shoulders and hips respectively. 
When the right leg and left arm advance together to make one step, as seen at Fig. 408, a spiral wave of movement 
runs as indicated by the double-curved darts in the direction n, k, e, of Fig. 408 ; conversely, when the left leg and 
right arm advance together to make a second step, a spiral wave of movement runs in an opposite direction, as 
indicated by the double curved darts tra, {, of Fig. 408. 
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Seeing that the diagonal, spiral movements made by the trunk and limbs in walking and running cross eadi 
other, a more or less perfect figure-of-8 is developed, as seen at A, g, and i, /, of Fig. 410. Aa already explained, 
a similar trajectory is described on the ground by the complemental, opposite curves made by the right arm and 
left leg, and by the left arm and right leg which move diagonally in paire. 

In FigB. 406 and 409 the right leg is extended and the right foot is placed on the ground ; the left leg and 
foot being flexed and in the act of swinging forward with the right arm. The left shoulder is raised. 

Having now diecuBaed the various complementary, curved, figure-of-8 pendulum-movements which taire place 
in the arms and legs, and the diagonal, screwing movements which occur at the shoulders and hips in rapid walldiig 
in man, we are in a position to deal with the comparatively rapid and powerful movementa witnessed is 
running. 

In the run in the adult male, the movemente described in the walk are repeated and exaj^iated. The body 




Fin. 416. Fii^ 117. Fic. 418. 

Figs. 411 to 41S. — A imdi- man running. 

is bent more forward and the head lowered ; the aims and legs are more vigorously flexed and extended and moie 
widely separated, and a period occui« in each step when the feet are entirely off the ground. The speed and 
momentum acquired by the body are also greatly increased. These points are illustrated by Figa. 411 to 41^ 
inclusive. 

In Fig. 411, the body is bent much forward and the head lowered considerably below the horizontal line. The 
right arm (a) and left leg (h) are swinging forward in space pendulum -fash ion to make diagonal and opposite com- 
plemental curves. The arms and the legs are widely separated, the amount of diagonal screwing and twistii^ 
occurring at the shoulders and hips having reached a maximum. The arms (n, a') are swinging pendulum-fashicm 
in opposite directions. The toes of the right foot {b') are leaving the ground, and the left foot is high in air. The 
whole body is undergoing great exertion and is in a condition of physical tension and strain. 

In Fig, 412 the right arm {c) and the left leg (d) are in advance of the body and making diagonal and opposiU 
complemental curves ; the oscillating, pendulum movemente of the arms (c. c') are reversed and the arms less widelr 
separated. The legs (d, d'), on the contrary, are more widely separated, and, what is important, both feet are off 
the ground. 

In Fig. 413 the body is more erect than in Figs. 411 and 412. and the head elevated and nearly touchii^ the 
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top horizontal line. The right arm (e) and left leg (/) are neariy parallel with the body ; the left leg is nearly 
straight and the left foot (/) is being placed on the ground ; the right leg (/'), on the contrary, is much flexed and 
high in air, and in the act of swinging forward pendulum-fashion {see curved darts /'). 

In Fig. 414, the body is still more erect ; the head touching the top horizontal line. The right arm {g) and 
left leg (h) are parallel Mrith the body ; the foot of the left leg which is straight being firmly planted on the ground. 
The right leg (h'), on the other hand, i& flexed to its utmost and in the act of swinging forward pendulum-fashion 
to begin a new step. The arms and legs in this figure are less separated than in any of the other fiigures. As 
a matter of fact, one step is completed and the body is gathering itself together to make a second step. The 
arms (g, g'), it will be observed, are reversing their oscillating, pendulum movements (see curved darts). The head 
and body are now in a position to roll forward on the left leg and foot (h). 

At Fig. 415 a new step is conmienced, and the body is slightly inclined forwards and beginning to roll over 
on the left foot (;'). The arms and legs are beginning to separate. The left leg is fully extended, and the right 
leg nearly fully flexed and swinging forward (/) pendulum-fashion. (Compare the position of this, the right leg, 
with that of the same leg in Fig. 414.) The right leg and left arm are in advance of the body and making 
diagonal and opposite complemental curves (see curved darts i, j). The right and left arms (i, i^) are swinging in 
opposite directions. 

In Fig. 416, the movements recorded in Fig. 415 are exaggerated. The body is bending more forward, the 
head is slightly lowered, and the arms (k, k') and legs ({, V) are more separated. 

In Fig. 417, the body is more bent forward and the head lower than in Fig. 416. There are notable changes 
also in the arms and legs. Thus the arms (nt, mf) have reversed their oscillating, pendulum movements, and are 
less widely separated, while the legs (n, n') are much more widely separated and flexed, especially the left one (n'), 
and the feet of both legs are off the groimd. 

In Fig. 418, the body is much bent forward and the head lowered, the arms (o, o') are nearly parallel with the 
body and about to reverse their oscillating, pendulum movements ; the right leg (p) is nearly fully extended, and 
the right foot is in the act of being placed on the ground ; the left leg (p'), on the contrary, is much flexed and 
in the act of swinging forward to begin, in conjimction with the right foot, a new step. 

Before leaving the subject of locomotion in man, it is necessary to reiterate that not only do the legs and 
arms form diagonal complementary curves, but the legs themselves tend to plait and overlap. The plaiting of 
the limbs is best seen in the female form ; the greater breadth of the pelvis conferring on the woman an increased 
degree of curved movements. 

§ 345. Locomotion of the Horse. 

The movements of this superb animal require more than a passing notice, and are described in detail further 
on. The existence of this noble animal is now threatened by the automobile, which is increasing in popularity so 
rapidly as to point to a possible extinction of this quadruped at no very distant day. The horse has a history and 
a pedigree to which no other animal can lay claim. It is the handsomest of all the quadrupeds, and has a grace and 
stateliness all its own. It has been the companion of man from the earliest times and in all countries. Its strength 
and endurance, its docility and courage, have made it equally valuable in peace and war. It lends itself readily 
to display and pomp, and is valuable in the field alike for sport and toil. All its actions reveal power, agility, 
and adaptability. Its several paces, with which we are more especially concerned, have been admired and studied 
by all nations, and endless discussions have arisen thereupon. But for the timely discovery of instantaneous 
photography, it would have been impossible to determine with perfect accuracy the innunierable knotty points which 
beset this complicated subject. As, however, the legs and feet of the horse, in all possible positions, have been 
photographed, and the photographs reproduced in permanent and available form, the mastery of the subject ia a 
mere question of detail and patience. 



THE OSSEOUS SYSTEM OF THE HORSE 

Before analysing the order and sequence of the movements which result in flexing the limbs and lifting the 
feet off the ground, and in extending the limbs and placing the feet on the ground, it may be well to refer briefly 
to the skeleton of the horse as seen in walking, trotting, and galloping, as the skeleton displays, so to speak, the 
imier and passive mechanism by the aid of which the several movements are produced. It will be well also to 
direct attention to the muscular system of the horse ; the muscles furnishing the motive power which sets the 




Fig. 119,— Fine exanipli 
a selected photograph. 

bones of the extremitiea in motion. A coiisiilerati«iii of the skeleton and of the mnscular sj'stein of the horse 
reveals the source of its activity and power. 

The bones of the extremities of the horse, and of all quadrupeds, form levers, and these levers are inchned 
towards each other at various degrees of obliquity, and, in conjunction with the joints, form greater or lesser angles. 
]f the bones make small angles with each other, the speed attained by the limbs ami the animal, as a rule, is high ; 
if they make large angles the speed, for the most part, ts slow or moderate. 

In Hie horse and in all fleet animals the angles formed by the bones with each other are small, and this remark 
applies not only to the bones of the extremities themselves but also to the angles made by the arm bones wilh 
the scapulee, and by the thigh bonea with the pelvic bones. In the deer (Fig. ;J44, p, 1093) the angle* made by the 
bones of the extremities are smaller than in the horse {Fig. i'21) — the speed being greater. In the ostrich again, 
the angles are less than in the deer : the ostrich being the fleeter of the two. In the wings of birds, the angles 
are less than in either the ostrich, deer, or horse ; flight being more rapid than any form of terrestrial progression. 

In the elephant the angles are large ; the legs being perpendicular and nearly straight, as this is the best 
arrangement for supporting suiwrincumbent weight. 

The high speed of the elephant is leaa due to the angles made by its limbs than to ite enormous size and great 
stride. 

In man the angles are also great ; the limbs, as in the elephant, being nearly straight. This arrangement is 
necessary for vertical support. As a consequence, the speed attained by man in walking and running is compara- 
tively slow. 

The forms of the bones, and the angles made by them in locomotion, reveal mechanical adaptations to Qeutraliw 
shock, to increase elasticity, and to secure velocity. 

Figs. 421, 422, and 42.'! supply the necessary illustration. 
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Fig. 420,— Tjpic 
■elected phob^raph. 



! occupied by tiii-ui in walking, troUing, and 
,re less in galloping than in trotting, and in 



Fliia. 421. ii2. and 433.— Skeleton t>F a hunt- with tlie boiiea plained iu the positio: 
galloping. These ligiir«s fihow thai the angles made by tlie bones of tlie eilremiliea 
trotting than in walsing. 

The snftlea made br the bones of the hind iene in WRlking aru eeen in Fig. 431. a, Angle made by the fenutr with the pelvis ; 
li, angle made by the tiliia with the femur ; c. angles made by the metatarsua with the til)ia ; il, angle made by tlii' phalanges with 
the inebttareuB. These angles are comparatively large or obtnse. 

The angled as seen in the trat are given at f,f, g, h, at Fig. 422, 'rhey are anialler or more acuW than in Fig. 421, the trot being 
a more rapid muvement than the walk. They are still smaller in the gallop, ae seen at i,j, k, I, of Fig, 423 ; the gallop being the 
fastest pace of the horse. In the gallop all the extremities are violently flexed, llie aiiylen made by the several wnes being the 
smallest putsible. The angles made by the forelegs are aeen at i/, r, «, (, of Fig. 423. 

The angles made by the bones of the llmlis of auintaU in locomotion are determined by tbc amount of extension and flexion in 
the limbs themselves ; the angles being large when the limbs are extended or nearly straight, and small when the Hmbtt are flexed 
and bent. In the former case tlii' limbs are elongated ; iu the latt«r case they are nhortened. 'I'his important point is well illustrated 
by the w-called laxy longs. 

When the handles of the tongs are separated the angles formed by their component iiurts are reduced and the tongs shortened 
(Fig. 389, A). When the handles are drawn togethi-r the angles referred to are increased and the tongs lengthened (Fig. 389, B). Pre- 
ciselythe same thing occurs in the flexion and shortening and in the extensiiin and elongating of ilie limbs in locomotion. 

The mniclea which move the bones of the horse are given at Fig. 434. 
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THE MUSCULAR SYSTEM OF THE HORSE 

The horse, as stated, is famous for the rapidity and grace of its movements, and its muscles, as was to be 
expected, are numerous, complicated, and arranged on fine lines. They are disposed, for the most part, spirally 
in straight, slightly oblique, oblique, and transverse groups, also in fan-shaped sets synmietrically on either side of 
the body (Fig. 424). 

The muscles of the head are chiefly connected with the movements of the ears, eyes, nostrils, mouth, jaws, 
and tongue ; those of the neck with the movements of the head and neck ; those of the shoulders with the 
diagonal, twisting, plaiting movements of the fore limbs ; those of the trunk with the movements of the thorax and 
abdomen, plus the diagonal movements peculiar to locomotion, and those of the buttocks with the diagonal, twisting, 
screwing movements of the hind limbs. The shoulder, buttock, and leg muscles are more especially concerned in 
locomotion. If the muscles of the shoulder and fore limb of the left side be examined in a direction from above 
downwards (vide Fig. 424), they will be seen to follow a straight, oblique, plicated, and spiral arrangement ; the oblique. 
sj)iral plication corresponding with the articulation of the left humerus and the upper part of the left foreleg with 
the left scapula and trimk, where spiral, curved, and semi-rotatory movements occur ; the straight muscles being 
found, more especially, on the upper part of the left foreleg where they effect the important movements of 
extension and flexion. If the muscles of the left buttock and left hind limb be examined they will be seen to 
follow a similar arrangement to that described in the left shoulder and left fore limb ; the plication and spirality 
being, on the whole, more marked, as was natural, considering the more perfect ball-and-socket joint formed by 
the left side of the pelvis with the head of the left femur. The universal joints by which the fore and hind limbs 
are united to the trunk of the horse, and the oblique, plicated, spiral arrangement of the muscles investing the 
universal joints, explain how the alternating, diagonal, complemental, and opposite movements and curves made 
by the anterior and posterior limbs in walking, nmning, and galloping are produced ; the movements and curves 
when they nm into each other giving rise to continuous figure-of-8 movements and curves first described by me 
in 1867, and more fully in 1873. 

The distribution of the oblique spiral muscles on the shoulder and hip joints occasions an unmistakable screwing, 
spiral movement of the shoulders and hips in locomotion ; the screwing movement at the shoulders being from right 
to left when it is from left to right in the hips, and vice versd. The screwing movements in the shoulders and 
hips are diagonal in character, that ia, they have an oblique crossed action ; and this action corresponds with the 
lateral and diagonal supports provided by the feet of the horse in its several paces ; the horse when in motion 
alternately rolling from side to side and more or less diagonally. 

The horse has also an antero-posterior action, when the body is supported alternately on two fore or two hind 
feet, or on anterior or posterior tripods formed by three feet. The body of the horse when in action is supported 
in four different ways : (a) on one foot ; (b) on two feet, namely, the two anterior or two posterior feet ; the two 
feet of the right or left sides ; the two feet placed diagonally to right or left ; (c) on three feet ; the feet forming 
alternating anterior and posterior right and left tripods ; and (d) on four feet, as happens at intervals when the 
animal is walking very slowly. 

As some confusion has arisen as to what is meant by a step and a stride in animal mechanics, it may be 
well to explain the points of difference. 

By a step is meant the lifting of a foot from its position of rest and the carrying of it forward to a new 
position in advance of that originally occupied by it ; the space covered by the step varjong according to circum- 
stances, and being always considerably less in slow walking than in quick walking and in running. 

By a stride is meant the lifting, advancing, and replacing of two or more feet on the ground in succession ; 
the stride being completed when the foot first lifted and those which followed in sequence have returned to their 
original positions of rest. Thus the stride of a man or a bird consists of two steps, while the stride of a quadruped 
consists of four steps. 

The stride, like the step, varies greatly according as the animal is progressing at a low or a high rate 
of speed. 

The amount of ground covered by the step and the stride respectively varies in different animals, and according 
to the degree of speed at which they are travelling. Thus in the horse in walking, the stride is usually a little 
over five feet, in the trot ten feet or thereby, and in the gallop something like eighteen feet. 

The speed, as explained by Mr. Gamgee,^ determines the length of the stride ; the length of stride being the 

* .hnn'mtl nf Aiuitiimif and l^hifsinhnjij^ vol. iii. p. 375. 
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effect and evidence of speed and not the cause of it. In the Newfoundland dog the stride is a little over nine 
feet, whereas in the greyhound and hare it b sixteen feet. 

In the step and stride the body of the hoise moves in advance of the feet. This is well seen when the horse 
is beginning its slowest action, as in traction. 

The paces of the horse are seven in number, namely, the walk, trot, gallop, canter, amble, rack, and 
ricochet. 

The three fundamental paces are the walk, the trot, and the gallop ; the others being artificial and due to 
training. 

If the horse begins his walk by raising his near fore foot, the order in which the feet are lifted is as follows : 




Fifl. 424. — Muscles of the horse. Shows the plicated spiral arrangements of the muscles, more esi)ecially at the shoulder and 
hips, where curved, semi-rotator)- spiral movements occur in walking, trottin^r, and galloping. The near!]' straight mu.^cles nre seen 
in the leRs, where they produce the important muvements of flexion and extension. The muscles of the horse, as a whole, are 
arranged in straight lines, slightly ohiiquely, obliquely, and transversely, and, with few exceptions, reveal a spiral trend. In order 
to reafise this description the deeper muscles must also be exposed and seen. The muscles are, for the moat part, disposed in groups 
and sets, and cross or tend to cross each other iit various degrees of obliquity ; an arrangement which .secures the greatest posaible 
strength with the least possible material, and ensures syininetrv and perfect accuracy of mnvenient in the various i-egions of tde l)ody 
(after Lupton : the general arrangements of the muscles, and the movements of the muscles ami bones, analysed and described by the 
Author, 1873). 

first the left fore foot, then the right or diagonal hind foot, then the right fore foot, and lastly the left or diagonal 
hind foot. There is therefore a twisting of the body and spiral overlapping of the extremities of the horse in the 
act of walking, in all respects analogous to what occurs in other quadrupeds ' and in bipeds. In the slowest 
walk Mr. Giamgee observes " that three feet are in constant action on the ground, whereas in the free walk in which 
the hind foot passes the position from which the parallel fore foot moves, there b a fraction of time when only 
two feet are upon the ground, but the interval is too short for the eye to measure it. The proportion of time, 
therefore, during which the feet act upon the ground, to that occupied in their removal to new positions, is as 
three to one in the slow, and a fraction less in the fast walk. In the fast gallop these proportions are as five 
to three. In all the paces the power of the horee is being exerted mainly upon a fore and hind hmb, with the 
feet imj^nted in diagonal positions. There is also a constant parallel line of positions kept up by a fore and hind 
foot, altemaHng tides in each successive move. These relative positions are renewed and maintained. Thus each 
fore limb assumes, as it alights, the advanced position parallel with the hind just released and moving ; the hind 
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feet move by turns, in sequence to their diagonal fore, and in priority to their parallel fellows, which following 
they maintain for nearly half their course, when the fore in its turn is raised and carried to its destined place, 
the hind alighting midway. All the feet passing over equal distances and keeping the same time, no interference 
of the one with the other occurs, and each successive hind foot as it is implanted forms a new diagonal with the 
opposite fore, the latter forming the front of the parallel in one instant, and one of the diagonal positions in the 
next : while in the case of the hind, they assume the diagonal on alighting and become the terminators of the 
parallel in the last part of their action." 

In the trot, according to Bishop, the legs move in pairs diagonally. The same leg moves rather oftener during the 
same period in trotting than in walking, or as six to five. The velocity acquired by moving the legs in pairs, 
instead of consecutively, depends on the circumstance that in the trot each leg rests on the ground during a short 
interval, and swings during a long one ; whilst in walking each leg swings a short, and rests a long period. The 
undulations arising from the projection of the trunk in the trot are chiefly in the vertical plane ; in the walk they 
are more in the horizontal. 

The gallop has been erroneously believed to consist of a series of bounds or leaps, the two hind legs being on 
the ground when the two fore legs are in the air, and vice versd, there being a period when all four are in the 
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Fig. 426. — Indicates the different positions taken up by the feet of the horse in executing its several paces. At 1, the four feet 
are on the ground. At 2, the two hind feet and the left fore foot are on the ground and form a tripod of support (poeterior left 
tripod). At 3, the two hind feet and the right fore foot are on the ground and form a similar but opposite tripod of support 
(posterior right tripod). At 4, the tripod of support is formed by the two fore feet and the left hind foot (anterior left tnpod), 
and at 5, by the two fore and right hind foot (anterior right tripod). At 6, the body is supported on the two hind feet, and at 7, on 
the two fore feet. At 8, the l)ody is supported on the fore and hind feet of the left side, and at 9, by the fore and hind feet of the 
right side. In these two positions (8 and 9) the body rolls from side to side. At 10, the body is supported diagonally by the right 
hind and left fore feet, and at 11, by the left hinrl and right fore feet. In these positions (10 and 11^ the body twists and rolla 
diagonally. At 2, 3, 4, and 5, it is supported on antero-posterior tripods. At 12, tne body is supportea by the left hind foot, and 
at 13, bv the right hind foot. At 14, the body is supported by the left fore foot, and at 15, by the right fore foot. At 16, the four 
feet are on the ground as at 1 (the Author). 



air. Thus Sainbell, in his " Essay on the Proportions of Eclipse," states " that the gallop consists of a repetition 
of bounds, or leaps, more or less high, and more or less extended in proportion to the strength and lightness of 
the animal." A little reflection will show that this definition of the gallop cannot be the correct one. When a 
horse takes a ditch or fence, he gathers himself together, and by a vigorous effort (particularly of the hind legs), 
throws himself into the air. This movement requires immense exertion and is short-lived. It is not in the power 
of any horse to repeat these boimds for more than a few minutes, from which it follows that the gallop, which 
may be continued for considerable periods, must differ very materially from the leap. 

The pace known as the amble is an artificial movement, produced by the cunning of the trainer. It resembks 
that of the giraffe, where the right fore and right hind foot move together to form one step ; the left fore and left 
hind foot moving together to form the second step. By the rapid repetition of these movements the right and 
left sides of the body are advanced alternately by a lateral swinging motion, very comfortable for the rider, but 
anything but graceful. The amble is a defective pace, inasmuch as it interferes with the diagonal movements of 
the limbs, and impairs the continuity of motion which the twisting, cross movement begets. Similar remarks 
might be made of the gallop if it consisted (which it does not) of a series of bounds or leaps, as each bound would 
be succeeded by a halt, or dead point, that could not fail seriously to compromise continuous forward motion. 

The limbs and feet in executing the seven paces referred to occupy no fewer than fifteen different positions, as 
the annexed figure shows (Fig. 425). 

The walk, the trot, and the gallop are the most important paces of the horse, and require to be carefully 
described ; the other paces, while interesting, do not demand the same degree of attention, and will be treated more 
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§ 346- The Walk of the Horse. 

The movements made by the body and legs, and the positions assumed by the feet of the horse in walking, 
are numerous and at first sight complicated, but they can readily be analysed by the aid of instantaneous photog- 
raphy, which show the feet on the ground for the time being. 

Leaving out of consideration for the present the order and sequence of the movements and supports, there are 
two sets of diagonal movements, when the animal is supported diagonally by the right hind and left fore feet, or 
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Fig. 426. — Gives scheme of poaitions which may be assumed by the feet of the horse in walking. At A and B, the supports 
pplied by the feet are diagonal ; at C and D lateral ; at E and F, and at Q and H, antero-i>osterior, right and left tripods (the 
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Author). 



conversely by the left hind and right fore feet. Thus there are two lateral movements when the horse is supported 
laterally by the right fore and right hind feet, or conversely by the left fore and left hind feet ; in addition there 
are four antero -posterior movements, when the horse is supported by anterior and posterior right and left tripods 
formed by the two hind and left fore feet ; by the two fore and right hind feet ; by the two hind and 
right fore feet ; and by the two fore and left hind feet. At A and B of Fig. 426 it will be seen that the horse 
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Fig. 427.— Chart 
(left). At £, a diagoui 

support (right). At F, ^ ^ ^ ^ ^ 

lert lateral support. At I, a posterior tripod support ^left) as at A (the Author). 

is supported diagonally and alternately by a left fore and right hind foot and by a right fore and left hind foot ; 
that at C and D it is supported laterally, alternately by a right fore and right hind foot, and by a left fore and 
left hind foot ; that at E and F it is supported on tripods alternately by the two hind feet and the left fore foot, 
and by the two fore feet and the right hind foot ; while at G and H it is supported alternately on tripods formed 
by the two hind feet and the right fore foot, and by the two fore feet and the left hind foot. Thus in the walk 




Fio. 428. 



Fig. 429. 



FifJ. 430. 



Fro. 431. 



Figs. 428 to 431. — Show some of the screwing and diagonal movements in the slow walk of the horse. At Fig. 428 the four 
feet are on the ground, the left foreleg having screwed and curved from left to ri^ht ; the right hind le^ having screwed and made a 
curve from right to left. At Fig. 429 the left fore foot and the right hind foot only are on the ground ; the horse being supported 
diagonally. At Fig. 430, the right fore foot and the left hind foot only are on the ground, the horse being supported diagonally but 
on opposite feet to those seen at Fig. 429. At Fig. 431, the position of the feet is the same as that given at Fig. 429, the feet otT 
the ground occupying, however, a more advanced position. 

of the horse two diagonal movements, two lateral movements, and four antero -posterior tripod movements can be 
made out. 

These various and apparently diametrically opposite movements all run into each other in the natural walk 
in the following order and sequence (Fig. 427). 

In Fig. 427 it will be observed that the feet first provide a posterior tripod support (A), then a diagonal support 
(B), then an anterior tripod support (C), then a right lateral support (D), then a posterior tripod support (E), then 
a diagonal support (F), then an anterior tripod support (G), then a left lateral support (H), and finally, as at first, 
a posterior tripod support. There are thus four tripod supports to two diagonal and two lateral supports in each 
stride in walking. Examples of the several supports referred to are to be seen in a horse walking in Figs. 432 
to 439 inclusive. 

VOL. III. I 
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The movemente required to produce the supports referred to involve a screwing motion at the shoulders and 
hips of the horse, and a plaiting of the anterior and posterior legs, well seen at Fi^. 428, 429, 430, and 431. 

The explanations given of the walking movemente of the hoise are readily confirmed by a reference to the 
following figures, which are accurate outline drawings of instantaneous photographs (Fi^. 432 to 439). 




Fjgs, 432 T<) 43!!.— Give the posiliona of tlie legs (inJ feet of the horse in 
ifflcribed in Ihe text. Tlie [lositioiis of the feet and legs in F'w. 432 are the ret 
Fig, 437, those in Fif,'. 434 of iliiise in Fig. 438, and those in Fig. 435 of those ii 



■aitions referred to aiv 
ae in Fig. 433 of thoM 



The darts in the figures indicate the direction in which the legs and the feet move when off the ground. In 
Fig. 432, the two hind feet and the left fore foot are on the ground (posterior left tripod support). In Fig. 4.13. 
the left fore foot and the right hind foot are on the ground (diagonal support). In Fig. 434, the two fore feet 
and the right hind foot are on the ground (anterior right tripod support). In Fig. 43f>, the right fore foot and 





FlO. 440.— Shows the figur 
hind leg and foot ; ii. curve nsad 
left fore leg and foot. The seve 



i-of-fi tmjeclory made by th 
by the right fore leg an<l f<i 
il curves when nnitt-a prodni 



feel and limbs iif the ox when waltcing. «, Curve made by the l^ft 
>t ; r, curve made bv the right hind leg nnd foot ; (, carve made by the 

- ihi: Hgiiri'-of-fi trajectorj-. 



Fio. 441. — Shows the Sgiire-of-fl irajectory made bv the feet and ]ind)9 of thi' hone when trotting. The lettering is the same oi 
in Fig. 440; allowance, however, nin»t be made fur the rrversal of thi' feet, n." thi; horse and ox are represented aa travel ting In 
oppiwile direclLona (the Author, 1867, 1870, and 1H7:S).' 

the riglit hind foot are on the ground (right lateral au])j>ort). In Fip. 43(j, the two hind feet and the right fore 
foot are on the ground (posterior right tripod supjiort). In Fij;. 4:i7, the right fore foot and the left hind toot 
are on the ground (diagonal support). In Fig. 4:IH, tUo two (uro ffct and the left lilnd foot are on the groimd 
(anterior left tripod support). In Fig. 439, the left forr foot and the li'ft iiind font are on the ground {left lateral 
support). 
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I have chosen to speak of the feet on the ground rather than the feet off the ground, as the feet on the ground 
plus the legs supply the support and leverage which enable the horse to walk. A study of the figures under 
observation shows how the feet are lifted from and placed on the ground ; curved darts alwa3rs indicating the direc- 
tion of the movements made by the feet and the limbs to which they are attached. The right fore leg and foot 
of the horse in walking describe a curve with its convexity directed towards the spectator ; the left hind leg and 
foot describing an opposite complemental curve with its concavity directed to the spectator. The left fore leg and 
foot describe a curve with its concavity directed to the spectator, and the right hind leg and foot describe an opposite 
complemental curve with its convexity directed towards the spectator. These four complemental curves when 
united form spirals which cross and so produce a true figure-of-8 trajectory (Figs. 440 and 441). 



§ 347. The Trot of the Horse. 

This pace, although considerably faster than the walk, is characterised by a greater simplicity in the arrangement 
of the supports fiirmshed by the legs and feet. They are, as a rule, diagonal supports ; the body resting alternately 
on the right fore and left hind leg and foot, and on the left fore and right hind leg and foot. The several diagonal 
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Fk;. 443. 



Fk;. 444. 
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Fig. 446. 



Fio. 447. 



Fig. 448. 



Fk;. 449. 



Figs. 442 to 449. — These figures show the ever varying shapes and positions assumed by the body, legs, and feet of the horse in 
the slow trot. The curved darts indicate the direction of movement in the legs and feet. 

positions, together with the transition movements made by the legs and feet when changing from the one diagonal 
to the other, as witnessed in the slow trot and recorded by instantaneous photography, are given at Figs. 442 to 
449 inclusive. 

At Figs. 442, 443, 444, 445, and 446, the diagonal supports provided by the right fore and left hind legs and 
feet are seen. In these figures the left fore and right hind legs and feet are flexed and in the act of swinging 
forwards, in curves (see curved darts). This they are free to do, as the complemental right fore and left hind legs 
and feet are firmly placed on the groxmd. At Fig. 442, the left fore and the right hind legs and feet are beginning 
to swing forward pendulum fashion. The pendulum forward movements are continued at Figs. 443, 444, 445, and 
446. At Fig. 446, the left fore and right hind legs and feet are as far in advance of the right fore and left hind 
legs and feet as they were behind them in Fig. 442. At Figs. 447 and 448, the legs and feet are in the act of 
changing position in order to furnish new and opposite diagonal supports. The new diagonal supports are seen 
at Fig. 449, and it will be observed that this figure is the reverse of Fig. 442. Fig. 448 is also the reverse of 
Fig. 443 ; the other figures representing transitions. At Fig. 442 the diagonal supports are provided by the right 
fore and left hind legs and feet, whereas at Fig. 448 they are provided by the left fore and right hind legs and 
feet. In Fig. 442 there is a screwing of the left shoulder, left fore leg and foot towards the spectator ; the right 
hip, right hind leg and foot screwing in an opposite direction away from the spectator. At Fig. 449 these screwing 
movements are reversed ; the right shoulder and right fore leg and foot screwing away from the spectator, while 
the left hip and left hind leg and foot screw towards the spectator. The screwing movements referred to are 
necessary to a change and reversal of the diagonal supports. The horse in trotting, as in its other movements, rolls 
alternately on either side of a given line, and diagonally ; the diagonal movements preponderating. The anterior 
and posterior right and left tripods of support furnished by the Umbs and feet are likewise diagonal in character. 
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In the fast trot there are periods when there is only one leg and foot on the ground, and when all the legs 
and feet are off the ground, as shown at Figs. 450, 451, 452, and 453. 

The following chart of the footprints made by the feet of the horse in some phases of the fast trot may prove 
interesting (Fig. 454). 

At A, the left hind foot only is on the ground. At B, the body is in the air. At C, the right fore foot only 
is on the ground. At D, there is a diagonal support, the right fore and the left hind feet being on the ground. 
At E, the left hind foot only is on the ground. At F, the body is once more in the air. At G, the left fore foot 
only is on the ground. At H, there is a second and opposite diagonal support caused by the left fore foot and 






Fig. 450. 



Fif}. 451. 



Fig. 452. 



Fig. 453. 



Figs. 450, 451, 452, 463. — Show the position of the \e^s and feet in certain phases of the rapid trot; the curved darts indicate the 
direction in which the legs and feet move. At Fig. 450, the body is supported entirely on the right hind leg and foot. At Fig. 453, 
it is supported entirely by the left foreleg and foot. At Figs. 451 and 462, the body is in the air. In Fig. 463, the legs and feet are 
in diametrically opposite jKjsitions to those occupied by them in Fig. 450. In Figs. 451 and 452, the limbs are alterinf^ their positions 
an<l 8hai)es to admit of the transformation. The double screwing movement at the shoulders and hips is well seen m these figures. 
At Figs. 450 and 451, the chest is screwing towards the spectator; the hips away from him. In Figs. 462 and 453, the chest b 
screwing away from and the hips towards the spectator. 

the right hind foot being on the ground. At I, the right hind foot is once more on the ground as at A. These 
movements are repeated with slight variations in rapid succession. 

The old idea was that on no occasion did all the feet leave the ground in the trot. This view has, however, 
been shown to be erroneous by the aid of instantaneous photography in the case of celebrated trotting horses. 

The diagonal positions assumed by the legs in the trot were well known to Mr. Bishop. According to him 
the legs move in pairs diagonally. The same leg moves rather more often during the same period in trotting than 
in walking, or as six to five. The velocity acquired by moving the legs in pairs, instead of consecutively, depends 
on the circumstance that in the trot each leg rests on the ground during a short interval, and swings during a long 



tO~' 



.,..>. 



H 


1 




:"■'■•■■" ' ' '^'i "-■■ ' 




* 


: f 

• 






'3 'O--- 


"""••*■ 






Fig. 464. — Chart of footprints of a horse in some phases of the fast trot (the Author). 

one, whilst in walking each leg swings a short, and rests a long period. The imdulations arising from the projec- 
tion of the trunk in the trot are chiefly in the vertical plane ; in the walk they are more in the horizontal. 



§ 34a The Gallop of the Horse. 

This is the swiftest of all the paces. A first-class English thoroughbred race-horse can do his mile in a Uttle 
mider two minutes. The limbs in the gallop make very energetic, rapid, and violent movements ; the angles made 
by the several bones of the limbs being comparatively very acute. 

The great speed attained by the horse in the gallop is due to three causes : — 

(a) The great force exerted by the muscular system. 

(b) The acute angles made by the bones of the limbs consequent on the violent action of the muscular cycles. 

(c) The high momentum acquired by the body of the horse in rapid motion. 

Each stride of a first-class race-horse occupies only the forty-fourth of a second and covers a distance of two 
hundred and seventy-four inches, or a mile in one hundred and two seconds or thereby. 

The positions assumed by the limbs on and off the ground in the gallop may be represented as under (Fig?. 456 
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Fig. 456. — Chart of the footprints of a dray horse when gallojiing. At A, the body is supported by the left fore foot. At B, 
by the same foot, the right fore foot being near but not on the ground. At C, it is supported aiagonally by tlie right fore and left 
hind feet. At D and E, by a posterior tripod composed of the right fore and the right and left hin<l feet. At F, by the right hind 
foot. At O, it is supported aiagonally by the left fore and rif^it hind feet ; and at H, by the left fore foot alone. At I, by an 
anterior tripod composed of the two fore and left hind feet. At J, it is supported diagonally by the right fore and left hind feet. At 
K, by a posterior tripod consisting of the right fore and the right and left hind feet ; and at L, by the two hind feet. Ii will be 
observed that iu this chart while the body is on one foot four times, it is never wholly in the air. It is otherwise with the race-horse 
as seen at Fig. 456 (the Author). 
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The difference in this chart, as compared with that given at Fig. 455, is traceable to the greater agility and lightness of the race- 
horse as compared with the dray horse (the Author). 

The more important positions assumed by the legs and feet in the gallop may be studied to advantage 
in Figs. 457 to 464 inclusive. 



Fig. 467. 



Fig. 458. 



Fig. 469. 



Fig. 460. 




Fig. 461. Fig. 462. Fig. 463. Fig. 464. 

Figs. 457 to 464. --Show positions assumed by the legs and feet of the horse in certain phases of the gallop. 

At Fig. 457, the left fore and right hind foot are on the groimd affording a diagonal support to the body of 
the horse. At Fig. 458, the two fore feet are on the ground supplying an anterior support At Fig. 459, the left 
fore foot is on the ground and the body rolling forwards. At Fig. 460, all the feet are off the ground, the body 
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experiencing next to no resistance to forward movement. At Fig. 461, the left hind foot is on the ground. At 
Fig. 462, the left hind foot is still on the ground. At Fig. 463, the right and left hind feet are on the ground : 
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Fig. 465.— Chart of footprints made by the horse in the gallop. This chart resembles other charts already given and requires 
no explanation (the Author). 

this figure is the reverse of Fig. 458. At Fig. 464, the left fore and the two hind feet are on the ground. A 
chart of the various foot supports as seen in the foregoing, Figs. 457 to 464 inclusive, is given at Fig. 465. 

§ 349. The Canter of the Horse. 

The canter, as its name indicates, is characterised by a bounding, hobbling movement in an antero-posterior 
direction with a certain amount of lateral oscillation, the antero-posterior movement being well marked. It is 
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Fig. 466. — Chart of footprints made by a cob cantering. At A, the right hind foot is on the ground and the left fore foot near 
it. At B, the right hind foot is on the ground. At C, the right fore and hind feet support the 1x)dv laterally. At D, the right fore 
and hind feet are on the ground and the left hind foot near the ground. At £, the body is supported by a posterior tripod formed by 
the right fore and the two hind feet. At F, the 1>ody is supported on an anterior tiipod formed by the two fore feet and the left hin^ 
foot. At G, the body is a second time supported bv an anterior tripod as at F. At H, it is supported laterally by the left fore and 
hind feet. At I, l)y the left fore foot. At J, K, ana L, by the right nind foot (the Author). 
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Fig. 467.— Chart of the fcxjtprints made by race-horse cantering. The chart is interpreted according to the explanations alrcady 
given (the Author). 

one of the easiest [miccs for the rider. The fall of the feet resembles that in the walk, but is more irregular, the 
body at intervals Ixjing unsupix>rtcd. In beginning the pace the right or left fore foot generally leads, the diagonal 
hind foot following. 

I append two chartu of th«! footprints obtained from instantaneous photographs of a cantering cob and a 
cantering race-horse (Figs. iWt and 407). In these figures the dotted hoofs are near but not quite touching the 
ground. 



§ 350. The Amble of the Horse. 

The amble, like the VMuUtr, m an i'nny rolling rnoviMuont with less vertical and more lateral and diagonal action. 
It is a favourite pace with many ridi«rM. It in Hoini' n'HjM^cts n^sc^nibles the pace of the giraffe, where the two limbs 
of the one side move together and ti\UtnmU^ with t hcmi', of the other side. The amble is, according to some, a 
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modified and quickened walk. The feet, however, do not provide the tripod supports which they do in the walk. 
On the contrary, they act laterally and diagonally, chiefly the fonner. 

I subjoin two charts of the footprints made by an ambling palfrey (Figs. 468 and 469). 
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Fig. 468. — Chart of footprints made by an ambling palfrey. At A and B, the supports of the body are lateral, formed by the 
fore and hind feet of the right side. At C, tbe right fore limb gives the support, the right hind limb being near but not on the ground. 
At D, the body is supported diagonally by the right fore and left hind feet. At E, F, and O, it is supported laterally by tne fore 
and hind feet of the left side. At H, it is supported diagonally by the right hind and left fore foot. At I and J, it is supported 
laterally by the riffht fore and hind feet. At K, by the rijjht fore foot ; the right hind foot being near the ground. At L, it is sup- 
ported diagonally by the right fore and left hind feet (the Author). 
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Fig. 469.— a second chart of footprints made by an ambling palfrey. This chart resembles that given in Fig. 468 and explains 
itself (the Author). 

§ 351. The Rack of the Horse. 

The rack may aptly be described as a fast trot. It is a vigorous, very rapid and exciting, uncomfortable pace 
indulged in by men who like fast trotting horses. It differs from the trot to the extent that the limbs and feet 
act for the most part laterally instead of diagonally. It is one of the paces of the Egyptian camel. A chart of 
the footfalls is given at Fig. 470. 
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Fig. 470. — Chart of footprints made by a thoroughbred horse when racking. At A, the left fore foot only is on the ground. 
At By the horse is in the air. At C, the body is supported laterally by the left fore and hind feet. At D, it is supported laterally by 
the riffht fore and hind feet. At E, the left fore and hind feet are near but not touching the ground. At F, the body is supported 
laterally by the right fore and hind feet. At Q, the left hind foot only is on the ground, the left fore foot being near it. At H and 
I, the body is supported laterally by the left fore and hind feet. At J, K, and L, it is supported laterally by the right fore and hind 
feet (the Author). 



§ 352. The Ricochet of the Horse. 

The ricochet, strictly speaking, cannot be regarded as a pace of the horse. It is, at best, an occasional move- 
ment seen in jumping. The term ricochet literally means the rebounding and skipping of an object, as a cannon 
ball fired at a low elevation when it reaches the earth, or a flat stone leaping along the surface of water when 
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projected against it at a certain angle. It is, in animat mechanics, a kind of jumping or hopping witnessed in 
certain birds such as the sparrow, and in the kangaroo when travelling at a high speed by the aid of its powerful 
hind legs and enormous tail. 

In the kangaroo the anterior extremities are greatly dwarfed, while the posterior ones and the tail are developed 
to quite an abnormal extent. The kangaroo literally advances />er solium. This it does by converting its huge 
hind limbs and giant tail into a tripod from which it projects itself into space by enormous bounds or jumps — each 
jump covering anything from 10 to 30 feet. 

When a kangaroo is pursued it can readily out-distance horses and hounds for considerable periods. It is only 
in the gentler and slowest movements of the kangaroo that its anterior extremities take part. In the forced, rapid, 
violent movements, the great hind limbs and tail alone are engaged. In the slower, gentler movements, the anterior 
and posterior limbs apparently act together and in pairs and alternately ; the anterior extremities making one step 
and the posterior ones a second step. This, however, is a mistake, as a careful examination will show. As a matter 
of fact, the anterior and posterior extremities make lateral, diagonal, and tripod movements, as in the walk of the 
horse ; the movements being obscured by the disproportion between the anterior and posterior limbs, and by the 
lateral and diagonal movements being minimised. This is shown by the right and left hind limbs being slightly in 
advance of each other, and by their acting diagonally in the walk. 

Even in the quick bounding movements the great hind legs do not act precisely at the same instant and 
abreast of each other. On the contrary, the right or left hind leg takes the lead in making the spring, precisely 
as in a horse when leaping. In the horse the right or left hind leg begins the spring, which is immediately followed 
by the dropping of the other hind leg, the great effort of jumping being made by both legs. The same thing happens 
when the horse alights. If the horse begins its leap with the right hind leg, the left fore leg first reaches the ground ; 
the right fore leg being dropped immediately after. The shock of alighting is sustained by both fore legs. When 
both fore legs are on the ground, the first hind leg to be dropped, when the horse is recovering itself, is the right 
hind leg ; this being the diagonal of the left fore leg which first reached the ground, and the leg from which the 
horse originally sprang. The leap of the horse (and the same may be said of the kangaroo) is therefore, strictly 
speaking, not a wholly antero -posterior movement, but an antero-posterior-diagonal movement. The horse when 
it begins its leap is in motion, and it could not possibly arrest its forward progress to place its two hind limbs 
exactly abreast of each other to make a, so to speak, square leap. The same remark applies to the action of the 
fore limbs in alighting. 

On looking casually at the movements of a kangaroo one is apt, as stated, to believe that the anterior and 
posterior limbs act in pairs and alternately. This view is seemingly confirmed by the anterior limbs apparently 
working within the posterior ones, as in one phase of a dog when galloping. It is not really so, as I have satisfied 
myself from actual observation in the Zoological Gardens of Ijondon and those of Barcelona, Spain. A careful 
examination of the extremities of this quaint and interesting animal when walking will reveal the fact that one or 
other of the limbs leads in all forward movements where the four limbs are employed ; and this holds true also of 
the hind limbs when the animal is bounding forward at its greatest speed. In the walk and slower movements of 
the kangaroo the anterior extremities support rather than propel the body forward. In the more energetic bounding 
movements the great hind legs and ponderous tail at once support and project the animal per saUum, as stated. 

The anterior and posterior limbs in the gentler movements referred to, afford two sets of supports, namely, an 
anterior set provided by the two anterior limbs which act more or less together, and a posterior set provided by 
the two posterior limbs which also act nearly consentaneously and together. In the slower movements the great 
tail scarcely comes into play. 

Having described and illustrated the locomotion of the horse with considerable care it is not necessary to take 
up in succession the movements of the several tame and wild quadrupeds such as the ox, ass, sheep, goat, camel, 
deer, lion, tiger, kc. The locomotion of all these animals is to all intents and purposes identical with that of the 
horse. I will therefore conclude this section of the work by short references to the locomotion of the giraffe, 
elephant, and dog, which present slight peculiarities. 

§ 353. Locomotion of the Giraffe. 

In the giraffe in walking the two limbs of each side of the body move together and alternately. Thus the 
limbs of the right side of the body advance together in curves to form one step ; those on the left side of the body 
advancing together to form a second step. The lateral movements preponderate and take precedence of the diagonal 
and tripod movements. A certain degree of diagonal movement is, however, necessary' to enable the animal to 
change the position of its limbs, which move alternately on the right and left sides of the body, as explained. In 
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the giraffe, locomotion is chiefly a lateral movement. There is little of the diagonal movement and less of the tripod 
one. The walk of the giratfe slightly resembles the rack of the horse ; the lateral movements being in the ascendant 
in both. 

§ 3S4- Locomotion of the Elephant. 

I The elephant has tvo paces, namely, the walk and the amble. This huge animal is curiously enoi^h provided 
with hind limbs which in many respects resemble the anterior ones. Thus the hind limbs do not as in all other 
quadrupeds bend backwards in flexion, but forwards as is the case with the anterior limbs. The elephant is con- 
sequently provided with what are virtually four knees. The feet too of the elephant are peculiar. They consist 
of large, flat, soft expansions with Ave toes which spread out at each step. In walking the heel or posterior part 
of each foot is first placed on the ground as in man. Of this I have fully satisfied myself from actual observation. 
Two men coupled together with an interval of five or six feet between, and walking out of step, give a wonderfully 
good representation of the locomotion of the elephant. 

The reader will readily make out the walk of the elephant from an examination of Figs. 471 to 478 
inclusive. 

At Fig. 471 the two anterior and the left posterior legs and feet are on the ground. The animal is supported 





Fm. 475. Fiii. 47a. Fio. 477. Fm. 47R. 

Fios. 471 TO 478.— Sliowthe walkof theelejihant. 

by an anterior left tripod. The right fore foot is about to leave the ground and the right hind foot about to be 
deposited on it. At Fig. 472 the left fore and left hind legs and feet are on the ground and afford a left lateral 
support. The right fore leg is flexed and the foot is off the ground ; the right hind leg being nearly extended 
and the foot all but placed on the ground. At Fig. 475 the left fore and the two hind legs and feet are placed 
on the ground, and supply a posterior tripod support. The right fore leg is less flexed than in Fig. 472. At 
Fig. 474, the left fore and the right hind legs and feet are on the ground and a diagonal support provided ; the 
right fore and the left hind legs being nearly extended. At Fig. 475 the left fore and the right hind feet are on 
the ground and supply a diagonal support. In this figure the right fore leg is nearly extended and the foot in 
close proximity to the ground. At Fig. 476 the right fore and the right and left hind legs are fully extended, 
and the corresponding feet placed on the ground supplying a posterior tripod of support. At Fig. 477 the right 
fore and the right and left hind le^ and feet are still on the ground, the right hind foot preparing to leave it. 
The left fore leg is leas flexed than in Fig- 47fi, At Fig. 478, which is nearly the same as Fig. 471, the right fore 
and the right and left hind legs and feet are still on the ground ; the right hind leg and foot having all but left 
the ground, and the left fore leg and foot being more extended and about to be placed on it. It will be seen in 
this Fig. 478 that the toes of the right hind foot are the last part of the foot to leave the ground, just as the heel 
was the first part of the foot to touch the ground. The same holds true of the other three feet. 

A comparison of the foot supports in the walk of the elephant with those in the walk of the horse will reveal 
practical identity in the two kinds of locomotion. 

The amble in the elephant closely resembles that in the horse and need not be described separately. 
VOL. ilL K 



1 146 



DESIGN IN NATURE 



§ 355. The Gallop in the Dog. 

The walk and trot in the dog differ in no respect from similar paces in other quadrupeds. The gallop is 
peculiar in this, that the limbs in certain phases of it overlap to a great extent in an antero-posterior direction 
(Figs. 479 to 488). 

At Fig. 479 the dog is supported by the left fore leg and foot, and at Fig. 480 by the right fore leg and foot. 
At Fig. 481 it is in the air ; the anterior and posterior limbs being threaded through each other in a backward 
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Fi<;. 481. 



Fkj. 482. 



Fio. 483. 












Fkj. 484. Fn;. 485. Fuj. 48(>. Fkj. 487. 

Fios. 479 TO 488. — Represent the more striking phases in the gallop of the dog. 



Fio. 488. 



and forward direction to a remarkable extent. The threading referred to is also seen, though to a less degree, 
in the gallop of the fallow deer and in the walk of the kangaroo. At Fig. 482 the dog is supported by the right 
hind leg and foot, and at Fig. 483 by the left hind leg and foot. At Fig. 484 it is a second time in the air. At 
Fig. 485 it is supported by the right fore leg and foot, and at Fig. 486 by the two fore legs and feet. At Fig. 487 
it is a third time in the air ; the legs being threaded through each other as in Fig. 481. At Fig. 488 it i? 
supported on the left hind leg and foot. Fig. 488, it will be observed, is the reverse of Fig. 482, and Fig. 485 is 
the reverse of Fig. 479. The other figures represent intermediate movements, necessary to a change of position in 
the limbs. 



PROGRESSION ON AND IN THE WATER 

K we direct our attention to the water, we encounter a medium less dense than the earth, and immensely more 
dense than the air. As this element, in virtue of its fluidity, yields readily to external pressure, it follows that a 
certain relation exists between it and the shape, size, and weight of the animal progressing along or through it. 
Those animals make the greatest headway which are of the same specific gravity, or are a little heavier, and 
furnished ivilh extensive surfaces, which, by a dexterous tilting or twisting (for the one implies the other), or by a 
sudden contraction and expansion, or by quicker or slower movements, they apply wholly or in part to obtain the 
maximum of resistance in the one direction, and the minimum of displacement in the other. The change of shape, 
and the peculiar movements of the swimming surfaces, are rendered necessary by the fact, first pointed out by Sir 
Isaac Newton, that bodies or animals moving in water, and likewise in air, experience a sensible resistance, which 
is greater or less in proportion to the density and tenacity of the fluid, and the figure, superficies, and velocity of 
the animal. 

To obtain the degree of resistance and non-resistance for progression in water. Nature, never at &ult, has 
devised some highly ingenious expedients, the syringograde animals advancing by alternately sucking up and 
ejecting the water in which they are immersed ; the medusae by a rhythmical contraction and dilatation of their 
mushroom-shaped disc ; the scallop by slowly opening and quickly closing its shell ; the rotifera or wheel-animal- 
cules by a vibratile action of their cilia, which, according to the late Professor Quekett, twist upon their pedicles 
so as alternately to increase and diminish the extent of the surface presented to the water, as happens in the 
feathering of an oar. A very similar plan is adopted by the pteropoda, found in countless multitudes in the northern 
seas, which, according to Eschricht, use the wing-like structures situated near the head after the manner of a double 
paddle, resembling in its general features that at present in use among the Greenlanders. 

Other peculiar modes of swinmiing may be mentioned. The lobster swims tail first. By suddenly flexing 
and curving the posterior half of the body and expanding its broad tail-segment (the telson), it seizes the water 
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with a deeply concave surface and darts forward at an incredible speed. No one can realise the suddenness of 
the movement who has not actually witnessed it. The common cuttle-fish swims body first. The squids or calamars 
swim alternately head first and tail first. These beautiful white transparent creatures, which I had an opportunity 
of studying at the aquarium of Naples, tack about in the water in opposite directions by a series of sinuous flight- 
like movements very much as sea-gulls flit hither and thither in a land-locked bay. They might very well be taken 
for a mimic flight of gulls. The fish Mormyrus oxyrhynchus not unfrequently swims backwards for short distances 
by figure-of-8 movements of its pectoral fins and tail, which latter is mackerel-shaped. This is a Nile fish which I 
watched with great interest at the Gezirah Aquarium, Cairo. It develops beautiful double-curve, figure-of-8 move- 
ments at the free margin of its tail when swimming slowly. These movements, seen in the tails of all fishes, are 
particularly well marked in it. The common skate flies through, rather than swims in, the water. This it does 
by the flapping in a vertical direction of its greatly expanded radiating pectoral fins, which are made to undulate wave 
fashion ; the wave movements travelling from before backwards. The same is true of flat fishes generally. The 
angel-fish has also very large radiating pectoral fins. The smooth -hound, a small grey shark, is remarkable for the 
great development of its dorsal and ventral fins, and for its long heterocercal tail, which make it a powerful swimmer. 
The graceful swift swimming of young sharks and dog-fish can be conveniently studied at the Brighton and other 
aquariums in England. 

The remarks made regarding the fins and tail of the shark apply equally to the saw-fish. The flying gurnard 
and fljdng-fish have greatly expanded pectoral fins ; the latter ever and anon betaking itself to the air after the 
manner of flying birds. The sea-butterflies (pteropods), as already indicated, flap a pair of transparent wing-like 
structures similar in many respects to the wings of insects. 

The characteristic swimming movement is that adopted by fishes as a class, where the tail and posterior half 
of the body perform the principal part of the work. 

The configuration of the skeleton and the muscular arrangements of the fish are specially designed to produce 
lateral, double curve, figure-of-8 movements in the body, and the same is true of the caudal and other fins. The 
swinmiing of the fish is also characterised by a slight rotation and twisting of the body and spinal column in the 
direction of their length. 

The general appearances presented by ancient and modem fishes, and by their osseous and muscular systems, 
as well as the peculiarities of their caudal and other fins, and their manner of increasing and diminishing the size 
of the fins, &c., will be readily understood by a reference to Plates cliv., civ., andclvi., pp. 1161, 1166, 1168, which see. 

The swimming arrangements in the fish, amphibian, bird, and mammal are given at Plate cliii., p. 1148. 



PLATE OLIII 

Plate cliii. A casual study of the figures of this Plate reveals the important fact that the size and shape of 
the swimming organs in the several orders of higher animals vary considerably, but that in all there is a common 
principle at work. 

In some cases, they swim entirely by the aid of webbed hands and feet, in others partly by webbed hands and 
feet and partly by a swimming tail ; while in a third the great organ of propulsion is the broadly expanded caudal 
fin. The animals in this Plate, with the exception of those represented at Figs. 1 and 2, have been drawn for the 
author by C. Berjeau. 

Fio. 1. — The beaver {Cadar fitter). This interesting creature swims chiefly by its hind feet, which are large, powerful, and 
webbed. Its fore feet, which are much smaller and webbed, also take part in swimming, but they are likewise employed as digging, 
scraping orgiins and assist in beaver dam construction. The feet of the beaver resemble those of the otter and platypus, and are aaai)tea 
to both land and water, but especially to water. The beaver is a splendid example of a swimming quadrui)ed. 

Fig. 2. — The walrus (Trichechus rotmiana^). This quaint-looking creature hits greatly enlarged webbed hands and feet known 
as flippers. Its fore and hind limbs are very considerably modified, so that they are adapted almost exclusively for water, and very 
little, if at all, for land. Both fore and hind limbs are short and are broadened out by the great divaricating power possessed by 
the digits, which enables the animal to increase and decrease its swimming surfaces at pleasure. The fore and hind limbs are also 
very loosely jointed, so that they can be readily flexed, extended, and tilted by well-developed straight and oblique muscles which 
at once secure flexion, extension, and semi-roUitory movements ; the latter being esi)ecially necessary in seizing and letting go the 
water in natiition. 

One of the fore linilw of the walrus is seen dissected at Fig. 4 of I'laie clx., p. 1180, and a stud^ of this figure satisfactorily shows 
how the finffers can be separated and the web between tliem stretched, or the converse ; how the limb can be alternately extended or 
flexed, and how the limbs can be tilted and rotated slightly so an alternately to seize and evade the water when swimming. Other 
Figs, in Plates clx. and clxi., p. 1181, show the same things in the sea-lion and seal. 

Fjg. 3. — The seal (Phoca vituliua). In this animal not only the limbs but also the whole body is modified to adapt it more 
perfectly to its manner of life. The anterior flipi>ers are decreased and the jiosterior flippers increased in size ; the body becoming 
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PLATE CLIII {continued) 

more or less fish -shaped. The flippers of the seal in all respects resemble those of the walnis already described (Fig. 2) ; the action of 
the posterior flippers being identical with that of the caudal tin of the fish. They are vigorously lashed from side to side with a 
double curve figure-of-8 sculling motion ; the flippers being fully ex|>aiided and i)artly closed at different points of the lateral strokes, 
as in the fish. The Ixxiy of the seal is thrown into double curves in swimming, a j>eculiarity fully explained when describing the 
swimming of the fish. The seal has an odd habit of frequently swimming on its l>ack. 

Fig. 4. — The manatee (Manattu awericanus). This sea-mammal even more than the seal has assumed the fish shape. The 
anterior flippers are fairly well developed, but the posterior ones have disappeared to make room for a broadly expanded swimming 
tail. It follows that the animal swims exclusively by its tine powerful tail, the anterior flippers 1>eing reserved for balancing, turning, 
and maintaining a semi-erect position. Fine dissections of the swimming appliances of the manatee are given at Fig. 2 of Plate clix. 

Fig. 5. — The sea-bear. This mammal and its cungener, the sea-lion, are distinguished for their comparatively very large and 
powerful anterior flippers, which they employ as flying organs in the water precisely as the penguin does. The sea-lion, by means of its 
anterior flippers, literally flies through the w^ater, and at a great speed : the hind flippers |>er forming quite a minor part in swimming, 
and acting, when set at right angles to the body, as a drag for slowing and regulating tnc forward movements. The «^reat anterior flip]>ers 
of the sea-lion are true wings as regards structure. TliiLs tliey are triangular elastic organs which are thickest at the root and along 
the anterior margin, and thinnest at the tip and along the posterior margin. They are beautifully graduated, and resemble, in afl 
respects, the swimming and diving wings of the penguin and the flying wings of the insect, bat, and bird. When vigorously applied 
to the water in a line at right angles across the body they im^^el the animal forwards, and in an upward or downward direction as 
desired. The animal always progresses in the direction of the thick margins of the anterior flippers, and tiie angle of inclination 
of the flippers settles the precise course forwards, downwards, or upwards. Fine dissections of the anterior and posterior flippers of 
the sea-lion occur at Plates clx. and clxi., which see. 

Fig. 6. — The little penguin {Aplenodyie* minor). This quaint and active bird is provided with a double set of swimming appliances, 
namely, a pair of webbed feet like swimming birds generally, and a pair of small s^Kicially constructed wings which enable it to fly 
through the water with incredible rapidity. The feet are employed for swimming on the surface of the water ; the wings for diving 
and flying through it in all directions. The wings resemble tnose of birds generally, in that they are triangular in shape, elastic, and 
thicker at the root and along the anterior margin than at the tip and .along the posterior margin. Tliey are peculiar in this that they 
are much smaller than birds* wings generally, less elastic, and covered with very minute featliei*s which on a hasty examination might 
be taken for tiny elongated scales. The a1x)rted feathers have no functional significance, that is, they take no part in the wing move- 
ments The wing of the penguin resembles the pectoral fin of the shark (Plate clvii.. Fig. 10, p. 1170), and that of the Plesiosaurus 
(Plate clxiii.. Fig. 2, p. 1187). All three are constructed on a common plan. The wing of the f>enguin occasionally acts as a screw, 
as represent^ in this figure. Its general appearance and action are fully explained at Plate clxiii., Fig. 1 (the Author). 

Fig. 7. — The porpoise {Phocxna communis). Here we have a genuine mammal conforming to the fish-shape and fish mode of 
swimmine ; the only aifference being that the porpoise causes its caudal fin or tail to oscillate from above downwards, instead of from 
side to side. The porpoise is often mistaken for a fish, of which it has all the outward signs, namely, greatly reduced anterior flippers 
(pectoral fins), a dorsal fin, and a beautifully modelled and a very powerful swimming tail. The tail with the poi«terior half of the 
body forms one of the most effective propellers known. The porjM)ise is admitt^edly one of the fastest of sea mammals ; its speed being 
such as to enable it to gambol and play about the bows of the swiftest ocean-going steamer, steaming its l>est. Its elegant shape, strong 
muscular system, and finely formed, well poised tail, sufficiently account for its swimming powers. It is a rare treat to see it in its 
native element pursuing in frolic one of its own kind equally intent on amusement. It is downright exciting to see a shoal of them 
dashing wildly about in pursuit of their favourite food fishes. In this case the idea of power is added to that of speed, and the scene 
is converted into a veritaole battlefield where one is conscious of indiscriminate slaughter on a wide scale. 

Fig. 8. — The triton {Triton cristcUm). In this common amjdiibian the animal is provided with four swimming legs and feet 
fairly adapted for the land, and a huge swimming tnil which makes it perfectly at home in the water. The triton, as far as its 
powers of locomotion go, resembles the crocodile. It also resembles the develo]>ing frog when in its advanced tadpole condition. The 
tail is the chief swimming organ, and is made to lash from side to side like the tail of the fish. The triton afi'ords another example of 
figure conforming to function when its mode of life is considered. It spends part of its time on land and part in the water, and is 
accordingly provided with two different kinds or sets of travelling organs. 

Fig. 9. — The salmon-trout {Salmo trutta). This may l)e regarded as a typical example of a well-formed, well-endowed swimming 
fish. Its shape and all its parts contribute to successful swimming. It is provided with two pectoral, two dorsal, two ventral, an 
anal and a caudal or tail fin. The general contour of the fish, and the size, shape, and position of the fins make for efficiency. It is a 
swift, elegant, and strong swimmer, as all anglers know. It is not necessary to enter into the manner of its swinmiing, the swimming 
of the fish having been fully gone into in a previous part of the work. 

In order fully to comprehend the peculiarities of the several kinds of swimming referred to above, it is necessary 
to deal with them separately and in detail, beginning with the more simple. 

§ 356- The Swimming of the Jelly-Fish. 

While the higher aquatic animals display in their swimming organs wonderful mechanical adaptation all 
dominated by a common principle, the lower aquatic forms have each their peculiarities culminating in arrangements 
equally suggestive of law, order, and design, as far as their several modes of natation are concerned. The medusa 
or jelly-fish swims along the surface of the summer sea by a series of centripetal and centrifugal wave movements 
of its mushroom-shaped disc. When it opens or expands its disc, which it does voluntarily, it draws in the water 
in which it is immersed into a more or less conical-shaped cavity. This constitutes the non-effective or back stroke. 
When it suddenly and vigorously contracts or closes its disc, it forces in a backward direction a practically incom- 
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pressible conical-shaped mass of water, from the surface of which it glides in a forward direction. The backward 
thrust given to the water constitutes the effective or forward stroke. The more sudden the contracting or closing 
movement, the greater the swinaming power developed. The movements which are voluntary in character are due 
to muscular action regulated by nerves. There are few more beautiful sights in nature than the swimming of the 
jelly-fish on a warm summer day. Its leisurely graceful progress near the surface of the ocean, accompanied as it 
is by a wealth of iridescent colour, suggests to the mind the idea of a luxurious easy life, and enjoyment of a high 
order. 

I had frequent opportunities when on yachting excursions with my late lamented friend, Dr. John Duncan of 
Edinburgh,^ on Loch Houm, West of Scotland, in August, 1899, of observing and analysing the swimming of all kinds 
of jelly-fishes, both in the free and captive state. 

As I took careful notes of the swimming day by day, I cannot do better than transcribe them in their original 
form. 

They are briefly as follows : 1. The jelly-fish in swimming moves upwards, downwards, or sideways at discretion. 
2. It progresses by centripetal and centrifugal voluntary wave movements. 3. When it closes or contracts its disc, 
it reduces its size by about a quarter. 4. The closing movement begins in a portion of the disc — ^not necessarily 
always the same portion — and spreads by a wave movement so rapid as to appear simultaneous. 5. The closing 
movement is at first energetic and sudden, and becomes slower towards the termination of that act ; the opening 
movement is less pronounced and more regular and resembles the flowing of water. The closing and opening move- 
ments are deliberate and methodical, as well as voluntary. They are co-ordinated purposive movements, and vital 
in their nature. 6. The closing movement occupies less time than the opening one. 7. The observer can count 
three while the disc closes, and four while it opens. 8. Between the closing and opening movements there is a 
pause when he can count one. 9. The disc closes twenty times per minute. 10. The disc closes and opens in a 
manner greatly resembling that by which the several compartments of the heart close and open ; that is, there is 
a comparatively sudden and vigorous movement, followed by a pause and a slower, more regular, continuous move- 
ment. Similar remarks apply to the action of voluntary muscles. 11. The movements of the jelly-fish are rhythmic 
in character and fundamental, and are due to combined muscular and nerve action. 12. They are at once typical 
and vital. 13. They occur apart from stimulation of any kind — the sea water investing and affecting all parts 
of the animal equally. The same water (even if it did act as a stimulus) could not produce diametrically opposite 
results ; it could not cause the jelly-fish to close or contract its disc the one instant and open or dilate it the next. 
It could not, under any circumstances, establish rhythmic movements. 14. The disc consists of rudimientary neuro- 
muscular layers, but there are no fixed points for the origin and insertion of muscles in the ordinary sense. 15. The 
mass of the animal, because of its centripetal and centrifugal movements, appears to pulsate or throb in two different 
directions. 1(). During the closing contractile centripetal action, it imprisons a conical-shaped portion of water 
by its disc, from which it forces itself in an upward, downward, or forward direction. 17. During the opening 
dilating centrifugal action it lets go, and, so to speak, frees itself from the water included within its disc. 18. By 
alternately seizing and letting go the water, it progresses somewhat slowly and irregularly. 19. The centripetal 
and centrifugal movements are seen to most advantage when the animal is placed on its back. The movements 
in question are, in no sense, de|)endent on each other ; they are equally vital in their nature. 20. The opening 
movement is not primarily due to elasticity -indeed elasticity takes next to no part in it. This is evident from 
the fact, that then^ is no jerky motion at the Ix^ginning of the centrifugal act, which there would be if it were due 
to elastic recoil. 21. The centri|)etal and centrifugal movements of the jelly-fish foreshadow those of the involuntan- 
and voluntary muscles. 

I append sui)i)lementary noti-JS of a second series of observations on the swinmdng of the jelly-fish made by me 
in the famous aquarium at Naples in March, l*.K)4. They confirm my previous notes (1899) already given. 1. The 
swinmiing is j)r(Kluced by the alti^rnaU^ centrijwtal and centrifugal wave movements of the umbrella-shaped disc. 
2. The advance in any jMirticular direction inimediat^^ly follows the centripetal movement. 3. The opening centri- 
fugal and the closing centrijwUil wave inovennuitH «if tlu* (line art* progressive in character. 4. When the disc is 
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oloaing or coatracting a wave movement spreads from the centre of the disc in the direction of its periphery, which 
it puTMs up wave fashion 5 Convereely, when the disc is openmg or dilating, the wave movement is reversed. 




>'iew<i( thi) British jan7-()Bh<^ure/taa»rtVa). It occurs in Urfje iiuml)er8 in the Scottish Beas in 

IB transparent with the exceptiun uf the four gonads, which are of a beautiful violet blue (after Hastertnan). 



Fio. 490.— Jelly-fish (Tima Jlarilahn 
N«ple8 (Aquarium Ouide-book). 



') found in the bay of Naples. Exhibited in the aquarium of the Zoological station of 



Fio. 491, 
Maarium at Naples. The hMvy solid lii 



study by the Author ot the swimming movements of the jelly-tiah (Tima fiavilavrU) as witnessed in the 
*" ' id the double-headed darts indicate the direction and locality oE the wave movements 



1 the umbrella-shaped disc during the closing and opening of the disc. The dotted tine gives the outline of the jelly- 
fiah when &t rest, n, h, c, d. t,f. Centripetal wave movements observed in the disc when it closes ; /, r, -', c. h, a, similar hut 
opposite wave movements (centrifugal) occurring in the disc when it opens. These movements are vohintary, rhythmic, and 
progressive, and can readily bo followed (drawn by the Author). 

I give drawings of a common British jelly-fish, and of a jelly-fish from the bay of Naples, with a diagram 
showing the swimming movements of the latter (Figs. 489, 490, and 491). 

The swimming of the jelly-fish affords an example of action and reaction, as between a living moving creature 
and the water, of the simplest and most direct kind. 

§ 357. The Swimming of the Scallop (Pecten). 

A similar arrangement obtains in the swimming of the scallop. This bivalve opens its shell leisurely and 
admits a wedge-shaped portion of water. This inaugurates the swimming movement and constitutes the non- 
effective or back stroke. The water so admitted into the shell is then suddenly and forcibly extruded, with the 




Fio. 492. — Scallop (Ptden). a. Scallop with its shell opened to admit a wedge-shaped portioi 
suddenly closes its shell, it ejects the water ni a backward directi >n and obtains a forward recoil e 
' g forward (the Author). 



of water. When the scallop 
I indicated at dart ; I, scallop 



result that the scallop darte forwards in the direction of the hinge of the shell The forcible extrusion of the 
water constitutes the effective or forward stroke The openmg and closing movements of the shell take place rhyth- 
mically and at regular intervals ; the animal advancing by a series of jerks 

The movements are centrifugal and centripetal as well as rhythnucal in character They are also voluntary 
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and perfectly under control ; the scallop being able to swim in any desired direction — upwards, downwards, and 
horizontally. It is no uncommon thing to see the scallop make for and deposit itself on a rocky ledge, high above 
it. When the movements of the scallop are studied tor considerable intervals, one is struck with their extent and 
variety (Fig. 492). 



§ 358. The Swimmine of Salpa cristata, one of the Syringograde Animals. 

In the syringograde animals, swimming is also a question of action and reaction, but in another form. These 

curious animab alternately suck in and eject the water in which they are immersed. The sucking in of the wat«i 
is performed slowly and constitutes the non-effective stroke ; the sudden and forcible 
ejection of the water, so sucked in, constitutes the effective stroke (Pig. 493). 

All this is on strictly mechanical lines. The Salpa resembles the single heart of the 
lobster or one of the compartments (auricle or ventricle) of a compound heart. It is 
endowed with a centrifugal and a centripetal power which enables it to draw in and 
eject fluid alternately. The water ejected produces a well-marked reaction on a prin- 
ciple discovered by Hero of Alexandria (circa 150 to 100 B.C.), This well-known 
mathematician and mechanician devised a steam-engine which was made to rotate bv 
causing the steam to issue from its interior in an obUque backward direction ; the re- 
action produced on the air by the escaping steam causing the engine to travel in an 
opposite or forward direction. 

In Hero's engine the steam escaped directly into the air which formed a fulcrum for 
the rotatory movements. The same principle is at work in the Hon. C. A. Parson's modem 
turbine engine, with the difference that in the turbine the st«am is made to escape 
indirettly and not before it has given off nearly all its power and is exhausted. The 
indirect escape is secured by causing the steam to pass through a labyrinth of ingeniously 
constructed passages on its way to the outlets. The turbine is, consequently, a much more 
economical engine than that of Hero. As an example of the principle of action and reaction 
in ship propulsion may be cited the water-jet engine, which alternately sucks in and ejects 
the water in which the vessel is immersed. I saw, some years ago, a large ship so propelled 
in the estuary of the Thames. The principle of Hero's engine. Parson's turbine, and the 
water-jet engine is, in all respects, similar to that employed in the swimming of the 
B\-ringograde animals. The mechanics of nature and those of the engineer are, to all 

intents and purposes, identical. As a matter of fact, man cannot invent what does not exist in nature 

in some form or other. 
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S 359- "^^^ Swimininjf of the Octopus. 

The octopus {Octopus vulgaris) in swimming combines the wedge and syphon actions and the sinuous move- 
ments seen in the swimming of the fish. Thus the web of the octopus, which is situated near the head and connects 
the arms, is alternately spread out or opened, and brought together or closed, during the non-effective and effectivf 
strokes as in the jelly-fish. The syphon ejects water and so begets a reaction from the surrounding water, and the 
amna develop sinuous movements which conciderably augment the propulsive efforts. 

The spreading and closing of the web, the separating and bringing together of the arms, and the opening and 
closing of the s\phon are thoroughly under control. These several acts combine to produce the non-effective and 
effective strokes 

Till orto|)us sw ims backwards or body first, and wlicn the iirnis an^ made to converge, as in the effective stroke, 
and are making smuous double curves, they rcst^niblc so many i-rls pursuing the retreating body which they can 
never o\<.rt iki 

The oitoj ut IS provided with a (wwerful nniwnlitr mnntlc wliii-h enables it alternately to draw in and extrude 
the wtit r HI nhuli it swims. The wiitcr Miun iiiihIi- tn ]mm in and out is. when the animal is resting, employed 
in ri's] iruti n \\ hen it iK swimming, [itirt of il lm tnmlr to (wihm thningh the syphon, which thus becomes an actiw 
iiK.-nt. in ,.r..i,ulsion{Hig. .Iit4). 

The Ny])hi)n, while it [ilays an inipDrlMiil |iiirt in lln- swimming movement, largely determines the direction of 
thu swimming. Thi- syphon is mobile anil nin In- iM-nt in any direction— Imckwanls, forwards, outwards, inwiidr. 
ujiwanLK, ilownwiirds, Ac. The jet of watrr which iwues frrmi it can be turned in any of the directions indicated. 
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and the line of advance regulated. When the syphon is bent directly downwards and curved backwards, the jet of 
water issuing from it serves to propel the animal directly forwards as in cuttle-fishea {Sepia) and in squids {Loligo). 

Three things contribute to the swimming 
of the octopus ; (a) the sudden and vigorous 
contraction of the mantle or web at the roots of 
the arms ; {b) the jets of water which emanate 
from the syphon ; and (c) the sinuous move- 
tnente of the arms. The swinmiing movement 
is a compound co-ordinated one, rhythmic in 
character. It further consists of stages marked 
by centripetal and centrifugal action. Thus 
when the mantle or web near the head vigor- 
ously contracts or closes, the syphon ejects its 
chai^ of water, and the arms come together 
and display undulatory movements. These 
movements, centripetal in character, constitute 
the effective or forward stroke. Then there is 
a brief pause, followed by the slow opening of 
the mantle or web and arms, and the sucking 
in of water to supply the syphon for a fresh 
discharge. The slower movements, centrifugal 
in character, constitute the non-effective or back 
stroke. The centripetal and centrifugal move- 
ments referred to occur rhythmically so long as 
the octopus continues to swim. 

The octopus sometimes grows to a large 
size, and might, if so disposed, prove a very 
dangerous antagonist. It is, however, unless 
when provoked and irritated, a timid animal, 
concealing itself among rocks and feeding upon 
crabs and molluscs. There is no authentic in- 
formation of ita ever having attacked a human 
being or a boat, notwithstanding the thrilling 
tales invented by Victor Hugo to the contrary. 
In the West Indies and the Mediterranean the 
Octopus mdgaria sometimes reaches a length of nine feet, and weighs as much as sixty-eight pounds ; while the 
Octopus punctaius of the Pacific coast attains a length of sixteen feet — the body measuring a foot in length, with 
a diameter of six inches— and a radial spread of twenty-eight feet. (" The Riverside Nat. Hist.," vol. i. p. 371.) 




Flo. 491. — Shows tlie opening and closing movements of tlie avimming web 
and arma of Ihe octopus (Octopia riiigariii). 

A. The arms wlien e|>reaa out as in the non-effeotive or back stroke, a. Head 
of octopus ', b, bodj of ditto ; c, swinmiing neb ; il. dorsal and ventral surfaixs 
of arms— the latter with auckers ; /, /', the line of advance. 

B. The swimming web and arms when brouabt together and thrown into 
wave and double curves as in the ettvctiveor forwam stroke, a, Head of octopus ; 
b, body of ditto ; r, nwimniing web ; rf, doraal and ventral surfaces of anns^the 
latter with suckers ; r, sjphon ; /, /', line of advance. (Drawn for the alilhor 
by C. Berjcau.) 



§ 36a The Swimming of the Squid. 

The squid or calamar (Loligo vulgaris) — a form of cuttle-lish — is a most interesting and attractive object. I 
enjoyed exceptional opporttmities of studying it in the living condition in the tanks of the famous aquarium at 
Naples in 1904. It measures from seven to eight inches in length, is white and perfectly transparent with the 
exception of the eyes, which are about the size of sloes, and very dark and prominent. When its arms are broiight 
together, as they are in swimming, the squid is fish-shaped. The animal is provided with two lateral, triangular, 
highly mobile fins which extend on either side of the posterior half of the body and resemble the caudal fin of certain 
fishes. These fins are remarkable structures, and are endowed with a wide range of vertical movement ; the free 
margin of each fin during the up and down strokes passing through an angle of 125° or thereby. While the lateral 
triangular fins are making wide vertical sweeps, they develop in their substance and free margins double curve 
sinuous movementa. The lateral triangular fins are the chief organs of propulsion. When the squid is swimming, 
they perform a series of steady vertical winnowing movements (sixty to the minute), and the extraordinary feature 
about them b, that they can cause the squid to swim in two diametrically opposite directions ; namely, tail first 
or bead first. In swimming, say from right to left, head first, the head and body of the squid are directed slightly 
upwards in the direction of travel. When the end of the tank is reached everything is reveised by causing the 
VOL. m. L 
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head to dip and the tail and body to rise. The squill is now ready to swim from left to right, tail firei. 
The lateral triangular fins propel the squid head first and tail first with equal ease and facility. The vertical 
winnowing movements of the lateral triangular fins are equally steady in swimming from right to left and from left 
to right. Then' is no jerkiness in either direction. The winnowing lateral fin movements are aided by a B>-plion 




Fi<'. ■>&'•■ — SlioWB tlicshapuof theyoiiii^r Rijuiiluri.'alainur(Z.i>/iy/ii vnlyirii') muI t\ia r&iijreuf niovmiiiiDtof italnteral trinnt;ukr 
A, ", 'f', PoHJtinn mill iipiMinrHiice of tim Itttural triuri^iihir tins (Hviirriii^' on tho (iimtuiior poi'tiuii uE thu biKly ; '•, ''. uuili. 
tioiis iir wuvifii iiiitiU- hy tlm tins wliuii miLlcint; thu vortical upward aiid diiwiiwai'd winnowing iiioveuieuta : il, hea<l ; e, amtfl. 

It. 'rrikiisVL'riiu stH.-tiiiii cF the ji'mtiiriiir |)ortiiiii uf the Uxly ut thu iir|iiid with tliu Intoraf triaiiKiilar lins attkcbuil. ", ' 
vtH-tioii of tht) c-aiubil )i«rticiii uf the Inxly ; 'i, '/, position uf tlio liiis ut the end uf thu up Htviikea ; i', '.', piisitiuti (if tlie lioi at the 
und of thu diiwn HtvokvH. At thu t-nd of thu up and down stnikuB tile lina are direi-tud towards each othur and present iimoivi: 
snrfatuH yli, fc' ; . , c) ; ./, tl', dunlilu iluitH indicnitinK tlui pitlia made hy tile free marj-itis "' the tins. Tho tins nmke wide vertiinl 
': of 1^.'}' ur so. Thu action of thu tins is alike vigorous and etrective. (Dr&wn (rum nature by tlir 




Fiii. 4il6.— Lifu Htudy of thr HwiiJiniini; ■■( (• 
SapIcB. Uniwii liv V. Ht-rjiiui from ..riirinal »li. 
Ilyiuf; from rii,'ht to left h..i,l tir'l (•••.!■■ <i[>|--i' >ii 
f..i7.;f,-((r.-/(lowi-r arrow). 

action, and by slight sinnous imivfinonln i 
pulsion are doubtleiw the Inl^Ttil tins IIk' 
of Fig. -lltii, and the miivi'nu-nls timili- liv 
There are few inon- dtiinty Highls tlin 
tank tilletl with pure sea-watiT. Tlnir wl 
meiit« gfi'atly rescnihle a miniii- lliglil «>( i' 



iK'HHi'il at the a<|unrium iif the Zoological atstioii of 
\t Ihi' top of the ti);ure the sii^iiids *re Bwimmin^ or 
iiiL'i' thi-y nn,! Hwiiinmnf; or flym); from left to rit;bl 

swiiiw head first, but the main organs of pro- 
H'uniiK'c prifented by the squid is given at A 
V iiiiiiiiitcd lit B of the same figure. 
Hying t'i .■'iiiiill sIiiuiIh of young squids in a lai^c 
'ii liiiilit'.s iiikI tlicir winnowing fiight-like niot'p- 



SWIMMING OF THE WINGED-MEDUSA AND SEA-BUTTERFLY 1155 

Their mode of swimming or flying is peculiar. As indicated, they swim alternately liead firat and tail first, 
mainly by the undulatory wave movemente of the lateral triangular fins situated on the posterior portion of the body. 
They all swim in the same direction until the end of the tank is reached, when as if by preconcerted signal, they 
reverse their course and swim in an opposite direction. The body is inclined at an upward angle of 25° degrees 
or BO when they swim, and the tilt of the body is reversed when they change their course at either end of the 
tank. In changing their course they do not wheel round, as one would naturally expect, but simply reverse the 
angle of inclination made by the body. Thus, when they swim from right to left of the spectator, the body is 
slanted, the head being uppermost. In this case they swim head first. When, on the contrary, they swim from 
left to right, the body is slanted in an opposite direction, the tail being uppermost. In this case they swim tail 
first. The swimming of the squid is very puzzling, but a careful analysis of it has convinced me that the true 
explanation is to be found in the lashing double curve movements made by the lateral triangular fins situated on 
the posterior part of the body : these movements being reversed when the upward angle of inclination made by the 
body is reversed at either end of the tank. The fins in question have the power of reversing their wave movements 
and working in two directions, and the body 
can alternately make a forward and a backward 
angle with the surface of the water. The fins in 
swimming strike downwards and forwards as do 
the win^ of insects, birds, and bats in fiying. 

Indeed the Bwimming of the squid is a 
form of flying. In this respect it resembles the 
swimming or flying of the skate and other fiat 
fishes already described. 

The points adumbrated will be readily 
understood by a reference to Fig. 496, 

While the sqtiids swim chiefly by means of 
two large powerful flexible triangular fins placed 
on either side of the posterior part of the body, 
one of the meduBie {Ocyroe crystaltina) and the 
sea-butterfly {pteropod) swim by the aid of two 
wing-like structures situated near the head, as 
shown at Fig. 497. 
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The Swimming: of the Winged- 
Medusa and Sea-Butterfly. 




itiililcs of raaijiarativelj low forms provided 1 
tbje them to Hv in tlip water. 
iwii form of inedtwa {Oeijroe crynlalliTia) nhicli bh 
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wing-like stiilctilrrx wliicli enable them t< 

A. A ntrv and little knuwti form of 1 
or ratln-r lliea l>y tiicana of its wiiij^-likn stnwtures. 

B, C. Adult and immature forms of the sea-liuttcrlly (Ilijalra Irideiilala), e 
hihitiiift l>ir);p winR-liku «tnicturpa tthiuh u-nable tliem tu fl; in tlic water vei 
miicli as a bird ttivs iti tlie air. 



The genus Ocyroe to which the winged- 
medusa belongs occurs in the Gulf of Mexico 
and the Carribean Sea. It is comparatively 
little known, has a transparent body, and, 
attached to it, a pair of structures remarkably 
resembling true wings. 

The wing-like structures are extended laterally — one on either side of the body — and when the animal is at 
rest they are spread out and motionless. When, however, it swims (or rather flies), the wings are raised high above 
the body and suddenly swung downwards and made to sweep through an angle of 180° or thereby. The Ocyroe 
flape ita two wings simultaneously as a bird does, and, as was to be expected, makes very considerable progress 
in the water (Fig. 497 A). 

The sea-butterfliea [Hyalea Irideniata), found in large numbers in the northern seas, are very active little creatures, 
and are provided with two comparatively large wings. Like the other members of the group to which they belong 
they are carnivorous, and consume immense numbers of microscopic animals. They swim, or rather fly, in a very 
erratic manner, and are continually darting hither and thither in search of food. They turn and wheel suddenly 
in any and every direction, and their agility in the water is, in some respects, truly remarkable (Fig. 497, B and C). 

The wing-like structures referred to in the squids, the medusa, and sea-butterfly, show how very closely the 
structures in question are allied to true wings, as seen in insects, birds, and bats. 

In the squids, the swimming or, as some will regard it, flying, is uniform and steady. In the winged-medusa 
and sea-butterfly, on the other hand, it is irregular, erratic, and jerky. This is particularly the case in Hyalea 
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§ 362. The Swimming of the Lobster. 

The swimming of the lobster (Homanu mdgarU) is so peculiai that, in order to undeistand it, a brief reference 
to the anatomy of that interesting and highly-prized crustacean becomes a necessity. This is especially the case 
as regards the tail-piece of the animal, which is elaborately constructed with a view to its being alternately expanded 
and closed during the effective and non-effective strokes in swioiming. 

The general appearance of the lobster is given at Fig. 498. 

The body of the lobster reveak a remarkable assemblage of curiously constructed parte, among which are to 
be noted two sessile eyes, two antennee and two antennules, two great claws or pincers for seizing and breaking 
up food, a cephalo- thoracic carapace or shield, six abdominal imbricating armoured segments, a telson or tail-segment, 
eight legs, and ten swimmerets with double paddles, the last of all being expanded to form with the telson the 
teil-piece or " caudal fin." The claws and abdominal segmente contain large powerful muscles ; and well-developed 
muscles occur in the legs, swinunerets, telson, and elsewhere. The several jointe in the lobster are ingenious to a 
degree, and display marvellous constructive skill and resource. They combine wonderful mobility with a system 




FlO. 498.— The common lobster {H<imaru» vuljiirit) as suen walking, n, Clkwi ; ft, uiteniue ; c, bead, eye, oad aotenniilet; 
d, telson ; 1^, legs [fuur pairs) ; /, swimmeretB ; 1, the cophalo-thoracic shield or carapace (rigid) ; from 14 bnokwarda, the imbricatin; 
abdominal Begmeiits (movable). (Drawn from lite tor the present work by C. Berjeau.) 

of gags or stops which limit the degree of movement at certain points and in particular directions. The lep of 
the lobster can be made to move in almost every direction, and are capable of endless acts of partial and complete 
flexion and extension. In the water the animal is instinct with life ; all ita parts being constently in motion- 
eyes, antennie, claws, lep, swimmcrete, abdominal segmente, telson, &c. 

The anatomy of the swinmiing j^rts of the lobster is given at Plate cliv.. Figs. 1 to 5, p. 1161. The lobster, 
if ite external skeleton, claws, limbs, swimmcreta, tail-piece, i)owerful muscular system, wonderful amngement 
of jointe, Ac, be teken into account, is one of the most remarkable (if zoological producte. 

It belongs to the Crustecea, and is divided into twenty segmente ; the first thirteen segmente fonning the 
cephalo-thoracic portion of the animal— the remaining seven Bcgmcnta forming the abdominal portion (six segments), 
and the telson (one segment). The carapace ia slightly curved from above downwards and la unyielding in all it» 
parte. From the under or ventral surface ol the cephalo-thoracic [Kirtion of the lobster, a pair of formidable claws, 
and eight jointed legs (four on each side) proceed. The latter enable the animal to move about with considerable 
celerity and freedom on the bed of the ocean. 

From the undfer surface of the abdominal segnientH (Hi, 17. IS, and l!)) four pairs of loosely jointed swimmerets 
with double paddles depend. 

Each swimmeret is composed of the following parte : - 

(a) A fibrous joint which connecto it with t\w vc^ntrul fiirfaiM! .>( the abdominal segment to which it belong wid 
which permite very free motion. 

(fc) An appendage hollow, and hard, containing miirti'liv 

(c) A pair of leaf-shaped paddles fringed with Mtiflifih huire und juintwl to the appendage. 
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The Bwimmerets act as miniature paddles and assist the forward movement when the lobster is walking on the 
bottom of the sea. They also, in the female, serve to lodge and protect the ova while being hatched out. 

The leaf-shaped double paddles are convex anteriorly and deeply concave posteriorly. They taper, and are 
thicker at their roots than at their free extremities. They are, in this sense, true swimming organs. They close 
or fold during the non-effective strokes and open out and separate during the effective strokes. When a pair of 
swinmierets are seen in their normal position, from before or behind, they greatly resemble miniature duck legs and 
feet (Plate cliv., Fig. 1, F). 

The swinmierets move in pairs, and their leaf -shaped paddles can act separately or in combination with the leaf- 
shaped paddles of the opposite side. The swinMnerets move very rapidly and more or less rhythmically ; the 
backward stroke, which is the effective one, being delivered with greatest force. The swimmerets are designed to 
propel the lobster head first. They form, as indicated, a not unimportant auxiliary in walking. They, however, 
take no part in the normal swimming of the lobster, which is effected by the sudden and powerful curvature, 
in a direction from above downwards and forwards, of the broadly expanded tail -piece in conjunction with the 
abdominal or posterior muscular segments of the body. The violent curving of the tail-piece and posterior 
segments of the body causes the lobster to dart forwards, tail first, with incredible rapidity. The rapidity of the 
movement is at once a revelation and a surprise, and is caused by the sudden contraction of the great muscular 
masses which occupy, throughout their entire extent, the several abdominal or posterior segments and the tekon 
itself. 

The seven abdominal segments including the tail-piece are alone employed in swimming. These segments are 
curved from above downwards and confer on the posterior half of the body its characteristic curved contour 
(Plate cliv.. Fig. 1, A, B, C, D, E). 

During the downwards and forwards effective strokes the abdominal or posterior segments present a deeply 
concave, strongly resisting surface to the water ; during the upward, backward, non-effective strokes they present 
a rounded convex, comparatively non-resisting surface. The effective strokes are delivered with immense energy 
and rapidity, the tail-piece coming down with a sudden swoop. The non-effective strokes are delivered slowly 
and are comparatively feeble. The lobster swims in a series of curves spasmodically. To increase still 
further the efficacy of the down or effective strokes, the tail-piece during those acts is widely spread, 
and has its area nearly doubled. Everjrthing is in favour of the down effective strokes — the concave surface 
having the advantage over the convex one, the high speed over the low speed, and the large area over the 
small area. 

The movements made by the abdominal segments, and the spreading and closing of the tail -piece 
during the effective and non-effective strokes, will be readily imderstood by a reference to Plate cliv.. Figs. 
2, 3, 4, and 5. 

The abdominal segments of the lobster form a sort of movable armour. The remarkable configuration referred 
to is occasioned by the posterior portions of the segments being large enough to admit the anterior portions of the 
segments next to them. This gives rise to a limited telescoping or imbricating of the segments within each other ; 
an arrangement which admits of very free downward movements of the segments, but effectually prevents lateral 
movements, and upward movements, beyond certain points. It follows, that the upward movements are limited, 
and lateral movements prevented. The downward movements are comparatively imlimited. 

The effect of the imbrication is, that the anterior part of each segment, when the animal curves and imcurves 
its body, glides backwards and forwards within the posterior part of the segment beyond it, or nearer the head. This 
arrangement admits of very free curvilinear movements, especially from above downwards. 

The lobster, in swimming, can cause the posterior part of its body and tail -piece to curve to the extent of 
three-quarters of a circle. The parts named can also be made to fold and double upon each other. The folding 
movement is best seen when the effective stroke has just been delivered, and the animal is darting forwards tail 
first (Plate cliv., Fig. 1, E). 

The movements of the abdominal or posterior segments and of the telson or tail-segment and tail-piece of the 
lobster are so free that the animal could, if it chose, apply the tail-piece to the water as a fish applies its tail to 
that element. If it did, the lobster would strike from above downwards, as in the whale, porpoise, dugong, manatee, 
&c. ; the fish (the flat fishes excepted) striking laterally. 

The loose imbricating curved arrangement to which attention has been directed enables the lobster, in rapid 
swimming, to strike the water with tremendous energy in a direction from above downwards and forwards with the 
posterior part of its body and tail-piece ; the powerful muscles of the posterior segments and tail-piece being expressly 
designed to give a sudden down stroke ; this being the stroke on which the lobster mainly relies for progress in 
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Tho sfwko from below upwards is comparatively slow and feeble, and, being limited above, is inefiEective, and 
ivIan-^ quito a subordinate part in natation. 

It only remains to say a few words regarding the tail-piece. This remarkable structure, which is hard and 
unyielding, is rounded and convex on its dorsal and upper surface, and scooped out and concave on its ventral 
or under surface. It is loosely jointed to the penultimate segment of the body, and consists of the following 
parts : — 

(a) The telson, a tapering central portion ; the broad base being directed towards the head. This is jointed 
to the adjoining segment, and moves freely in an upward and downward direction but not laterally. 

(6) Four flattened lateral plates, two superior and two inferior, hinged to the same segment. The bases of the 
lateral plates are directed away from the head, and the plates move very freely, not only vertically, but also 
laterally. A superior and inferior lateral plate occur on either side of the telson ; the inferior plates being divided 
transN^rsely. The posterior margins of the parts forming the tail-piece are provided with a fringe of 8ti£E hair-like 
processes which give a finished appearance. It is to the four conical-shaped lateral appendages that the tail-piece 
owes itB power of nearly doubling its superficial area during the down or effective stroke in swimming. 

The two inferior appendages have a wide range of lateral motion ; the lateral movements of the two 
superior ones being also free but more limited. The vertical movements of the several parts of the tail-piece are 
limited above but not below. The superior and inferior lateral plates when the tail-piece is expanded have a 
common spiral motion from above downwards. The spiral downward motion of the plates increases the concavity 
of the tail-piece during the down strokes. 

As already indicated, the two inferior lateral plates are divided transversely and are hinged ; the hinge being 
so formed as to admit of a large amount of downward movement, but only a limited amount of upward movement. 

The up stroke43 of the several parts of the tail-piece are restricted by four conical-shaped projections which extend 
from the dorsal surface of the last abdominal segment and cover the apices or roots of the two superior and two 
inferior lateral plates. A similar arrangement obtains on the dorsal surface of the abdominal segments where they 
imbricate. 

The spreading out and expanding of the two superior and two inferior lateral appendages during the down 
effective strokes, and the bringing of them together during the up non-effective strokes, are analogous to similar 
movements occurring in the feet of swimming birds, and, indeed, in nearly everything which swims — ^the frog, fish, 
beaver, otter, platypus, walrus, seal, sea-lion, &c. The parts forming the tail-piece as drawn from nature (fresh 
specimen) are accurately depicted at Figs. 2, 3, 4, and 5 of Plate cliv., which see. 

§ 363. The Swimming of the Fresh-water Tortoise. 

The fresh-water tortoise (Emys picUi) (Fig. G, Plate cliv., p. IIGI) is remarkable for its slow deliberate movements 
in and out of the water. It is an air breather, and when immersed rises ever and anon to the surface to respire. Its 
mode of sw^imniing exactly resembles that of a man in walking, where the legs and arms move diagonally and 
swing alternatidy forward in space. The tortoise in swimming may be said to walk in the water ; its limbs and 
webbed feet acting diagonally in a biickward direction, while the superior and inferior extremities of man act 
diagonally in a fonmrd direction. 

The limbs and webbed feet of the tortoise are specially adapted for swimming. They project from beneath 
the carapace ; the only |>arts 8(H»n from above being the two anterior and the two posterior extremities, which are 
directed backward as shown at Fig. (5 of Plate cliv. The limbs are turned in the direction in which they strike during 
the effective stroke. 

I had favourable opi>ortunities of studying the swimming of the fresh-water tortoise at Malaga, Spain, in 1901, 
and made out the following j)oiut« which I transcribe from my note-book : — 

1. The anterior and posterior extremities move diagonally and alternately. 

2. The right anterior and the left |K>aterior extremities move together or simultaneously. The left anterior 
and the right posterior extremities move in like manner. 

l\. The extremities in swimming are ilexed or folded and moved slowly during the non-effective strokes ; they 
are extended and their movements (|uickened durinjj the effective strokes. 

4. The effective strokes are delivered in a Ixtrktnird direction. 

5. The extremities while they are being ilexed or folded during the forward non-effective strokes are also 
tilted ol)li(|uely to reduce the degree* of frirtion experioneod by them from the water. The opposite holds good 
during the backward effective strokes. In this case, th(» extremities are extended and present broad flat surfaces 
to the water. 
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Pio. 499.— The hawti'a-bill turtle {CheloTie imliri^ala) (afti 



6. The webbed feet of the tortoise are compressed during the forward non-effective atrokea, and spread out 
during the backward elective ones. 

7. The extremities during the non-effective strokes are drawn slowly towards the body and act as short levers. 
During the effective strokes, they are pushed suddenly away from the body and act as long levers. 

8. The anterior and posterior extremities present convex surfaces to the water during the non-effective strokes, 
and concave ones during the effective strokes. 

9. The anterior and posterior extremities describe ellipsoidal movements ; the outside of the ellipses corres- 
ponding with the effective strokes — the inside of the ellipses corresponding with the non-effective strokes. 

10. The posterior extremities act in the same way as the feet of the duck and other water birds do, when 
swimming leisurely. 

$ 364. The Swimming: of the Turtle. 

Similar remarks apply to the swimming of the hawk's-biU turtle [Chelone inAricala), which I have also 
been privileged to study in living specimens (see Figs. 5 and 6 of Plate cliv., p. 1161). This quaint animal has well 
developed typical flippers ; the two anterior ones being large triangular elastic structures which resemble true wings 
in that they are thick at the root and along the anterior margin, and thin at the tip and along the posterior 
margin. They are also slightly twisted upon themselves and form reciprocating screws (Fig. 499). 

In Bwinuning, the flippers of the turtle are applied to the water in pairs diagonally ; the anterior right and 
posterior left flipper moving together and alternating with the posterior right and anterior left flippers which also 
move simultaneously. The double diagonal movements are similar to those which, as stated, occur in man in 
walking. 



§ 36s The Swimming of the Triton. 

What is said of the movements of the feet and flippers of the fresh-water tortoise and hawk's-bill turtle is 
true of the movements of the extremities of the triton and crocodile when swimming, and of the feebly developed 
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corresponding members in the Lepidosiren, Proteus, and Axolotl, specimens of all of which are to be seen in the 
Zoological Society's Gardens, London. In all of these, natation is effected principally, if not altogether, by the 
tail and posterior half of the body, which is largely developed and flattened laterally for this purpose, as in the 
fish. The triton (Fig. 8, Plate cliii., p. 1148) is characteristic of the group. 

§ 366. The Swimming of the Swan and other Birds. 

The swimming of the bird, of which that of the swan is perhaps the best example, is interesting in many ways. 
It illustrates to i>erfection how the webbed foot when it makes the backward or effective stroke is expanded to the 
utmost, to secure the maximum of resistance, and how when it makes the forward or non-effective stroke it is neatly 
folded to reduce the resistance to a minimum. It shows, further, that the legs and feet move alternately ; one leg 
and foot making the back effective stroke, while the other leg and foot make the forward non-effective one. Thus 
there is always one effective and one non-effective stroke being delivered, which ensures continuity of forward move- 
ment. The leg and foot making the effective stroke are always extended and more or less rigid ; the leg and foot 
making the non-effective stroke being always flexed and more or less flaccid (Plate cliv., Fig. 7, A). 

The foot which delivers the effective stroke makes a backward outward curve, that b, a curve with its convexity 
directed away from the mesial line of the bird ; the foot which makes the non-effective stroke makes a forward 
inward curve, that is, a curve with its convexity directed towards the mesial line of the bird. The trajectory 
made by each foot of a swimming bird in the water is that of a double, reciprocal, figure-of-8 spiral, similar to 
what is produced by the body of a long-bodied fish when swimming leisurely (Plate cliv.. Pigs. 8 and 9). 

The swimming of the bird is fairly smooth, because of the alternating complementary movements made by the 
two legs and feet, and the speed attained is, in some cases, very great, as, for example, in the steamer or race-horse 
duck, the cormorant, and great northern diver. 

The swimming movements can be conveniently studied in public parks with ornamental waters, where large 
numbers of swans, geese, ducks, water-hens, coots, &c., are kept. 

The swan, when swimming leisurely, develops the movements described above. When swimming hurriedly, 
this majestic bird causes both legs and feet to move synchronously or together ; the back or effective stroke being 
delivered by both feet at the same instant — the same holding true of the feet during the forward or non-effective 
stroke. In rapid swimming, the swan advances spasmodically by a series of jerks. These points are illustrated 
at Plate cliv.. Figs. 7, 8, and 0. 



PLATE CLIV 

Plate cliv. represents life studies by the Author of the swinmiing of the lobster, fresh-water tortoise, swimming 
bird, fish, &c., as drawn by C. Berjeau for the present work. 

This plate shows how the swimming organs of the lobster, tortoise, bird, fish, &c., are opened out or expanded 
when the effective strokes are delivered, and folded or closed when the non-effective strokes are made ; how the 
webbed feet of birds in swimming describe double figure-of-8 curves in the water, and how the body of the fish 
(es{)ecially the long-bodied fishes) is thrown into similar curves, particularly when swinmiing leisurely. 

Fig. L — C-arapace and abdominal or posterior segments of the lobster {Homarwt vulgaru) drawn from the life, a, CSarmpeoe or 
shield ; 6, abdominal segments ; r, </, e, /, telson or tail-segment with lateral app>endages which are opened out durin^^ the eflectire 
strokes in swimming, and closed during the non-efl*ective strokes ; /, legs ; ^, swimmerets which act as paddles and assist in walking 
on the sea-bottom ; the great propulsive organ being the tail-piece. When the lobster puts forth its greatest propolsive efforts it 
swims tail first by suddenly and violently curving its posterior segments and telson from above downwards, and forming a temporary 
bend or hook which seizes the water with tremendous energy. 

A. a, />, (\ ('Urve made by the alxlominal segments and tail-piece of the lobster prior to making the vigorous downward and 
forward hooked movement which causes the animal to dart forward at incredible speed, tail first. 

B. ( 'urve made by the abdominal segments and tail-piece towards the end of the downward and forward stroke (see dotted 
outline of posterior i>ortion of lolister, and darts indicating the direction of the stroke). 

(/. The <l(>wnward stroke completed (r/V/e djirt) ; the abdominal segments and tail-piece forming a deeply concave surface 
directed forwards which seizes the water with great avidity and projects the Ixxly of the lobster tail first at immense speed. 

1). The abdominal segments and tail-piece diminishing the concave surface and folding upon each other (see dart) to reduce 
the degree of friction in the line of advance. 

E. The alKlominal segments and tail-piece closely folded together -friction reduced to a minimum — the lobster darting for- 
wards at a high si)eed, tail first, as indicate<l by the two arrows. 

F. Section of one of the segments with Hwimnierets (r') attached. //<, Dorsal surface of segment ; n, dorsal ventral surface ; 
0, projection and joint for modified limb (/>) ; /', swimmerets with fringed margins which act as paddles and assist the lobster io 
walking on the sea bottom, head first. 

Fiii. 2. Dorsal convex Hurfiu*e of the telson with tlio two outer latenil ap|)eiidage8 approximated and placed beneath the two 
inner ones. </, Abdominal segment showing its anterior (Mirtion ('/') wliich nnbricates and moves within the posterior portion of 
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PLATE CLIV (continued) 

the preceding aMoniinal segment ; A, nineteenth segment with part (//) imbricating with eighteenth segment ; r, telson jointed to 
nineteenth segment ; (/, ff, the two outer appendages placed beneath the two inner ones (e, e'). The outer appendages are hinged 
and spread out to the utmost during the effective stroke (see Fig. 4). 

Fig. 3. — Ventral concave surface of the telson or tail-piece with its two outer conical-shaped jointed plates compressed and 
overlapping the two inner ones. Figs. 2 and 3 give the area of the tail-piece during the up or non-effective stroke. 

Fi<>. 4. — The dorsal convex surface of the telson with the four flattened plates spread out to the utmost^ as in the doim 
effective stroke. 

Fig. 5. — Tlie ventral concave surface of the tail-piece fully expanded as in the effective stroke ; the swimming surface 
being greatly increased (compare with Fig. 3). The concave surface has a resistance of something like two to one against the 
convex surface. //^ d\ The two outer appendages, each with a jointed portion (/, /') ; e^ e^, the two inner appendages. As already 
stated, the two outer plates are covered by the two inner ones during the non-effective stroke. 

Fig. 0. — The fresh-water tortoise (Emys pirta) with its feet webbed and limbs adapted for swimming. 

The anterior and |X)8terior limbs are directed backwards, the direction in which they deliver the effective strokes in natation. 
The anterior limbs somewhat resemble those of the turtle, which, however, are more highly differentiated swimming organs. Similar 
remarks apply to the posterior limbs of the turtle. The limbs and feet of the tortoise, in swimming, are made to move diagonally 
and alternately in pairs. Thus the left anterior limb and foot and the right posterior limb and foot move together or simul- 
taneously ; the right anterior limb and foot and the left posterior limb and foot doing the same. The tortoise moves in the water 
very much as a man moves on terra fimin ; it seems to walk in the water. The limbs and feet of the tortoise, in swimming, strike 
backwards during the effective strokes, in which case they act as long levers, and present concave surfaces to the water — the webbed 
feet being expanded to the utmost. During the non-effective strokes, the limbs and feet act as short levers, and present convex 
surfaces to the water — the weblxxl feet being compressed and their area diminished. Similar arrangements obtain in the webbed 
feet of swimming birds (after Cuvier : the movements described by the Author). 

Fig. 7. — A. The feet of the swan in the act of swimming, the right foot fully expanded, and about to give the effective stroke, 
which is delivered outwards, downwards, and backwards, as represented at h ; the left foot being closed, and about to make the 
return stroke, which is delivered in a forward, upward, and inward direction, as shown at a. The feet are moved alternately 
and are slightly rotated on their long axis, or tilted, both during the effective and non-effective strokes ; and as they always 
move in curves, their course is accurately represented by a double spiral, as shown at Fig. 8. Compare the spirals formed by the 
feet of the bird in swimming with those described by the fish, and by man in walking. 

In rapid swimming the legs and feet of the swan are not moved alternately but simultaneously ; in other words, the two le^ 
are flexed and the two feet compressed and advanced slowly as short levers with convex surfaces during the non-effective strokes, 
whereas during the effective strokes the two legs are extended, the two feet spread out, and made to strike backwards quickly as 
long levers with concave surfaces. The difference between the effective and non-effective strokes is well marked, and the bird is 
seen to be urged forwards by a series of spasmodic jerks. (Drawn by C. Berjeau from nature for the Author.) 

B. The foot of the grebe {Vodii-ep*). In this foot each toe is provided with a web or swimming membrane; the membranes 
being closed when the foot is flexed and giving the non-effective stroke, and spread out when the foot is extended and delivering 
the effective stroke. In the swan, and most swimming birds, the web is continuous l)etween the toes (after Dallas). 

Fig. 8. — Double spiral trajectory ma<le by the feet of the svran and other birds in swimming. When the right foot is describing 
the outside of a curve from before 1 tack wards, and from within outwards, as represented by the arrows (a) daring the effective 
stroke, the left foot is describing the imnde of a similar curve (vide arrows />), from behind forwards, and from without inwards, in 
the non-effective back stroke. The feet thus co-ordinate each other ; and as they reciprocate and alternate, the double spiral figure 
is obtained (the Author, 1867). 

Fio. 9. — Diagram showing the course descril)ed by the fish in swimming. The fish, in swimming, contrary to the received 
opinion, throws itstdf into a double curve (/i, d) ; the curves taking hold of the water and letting go or relieving each other alter- 
nately. When the tail is delivering the effective stroke, as indicated by the arrow running m the direction of 6, the anterior 
portion of the fish (d) is reversing, as shown at r. These changes are efiected with such rapidity that the fish appears to be in tiro 
places at the same instant ; and hence the double track figured. While the double curve is being formed, the fish is rotating upon 
its axis ; so that it is literally screwing itself forward in two directions, from side to side and from behind forwards (the Author, 1867). 



§ 367. Analysis of the Swimming of the Fish. 

According to Borelli,^ and all who have writUm since his time, the fish in swimming causes its tail to vibrate 
on either side of a given line, very much as a rudder may be made to oscillate by moving its tiller. The line 
referred to corresponds U) the axis of ih<? fish when it is at reijt and when its body is straight, and to the path 
pursued by the fish wln^n it is Hwirnrning. It c-onwuiuently represents the axis of the fish and the axis of motion. 
According to this theory the tail, wlM*n Ih^xed or curved to make what is termed the back or non-effective stroke, 
is forced away from an imaginary lini*, it^ cjirved, concave, or biting surface being directed outwards. When, on 
the other hand, the tail is ext4*nd*M| to niak<^ what is teruH^d the efTe<'tive or forward stroke, it is urged towards an 
imaginary line, its convex or non-bitinj/ «urfar<' Ix'inj^ din'ct4»d inwardn (Kig. 500). 

When the tail strikes in the dirertion //, /, tin* head of th<» fish is said to travel in the direction c, h. When 

* lifiri'lli, " Ui' iiM'iu Aiiiiii'ilniMi, ■ ri.ih- H., Ki^. .'», >*ui. Ito. 'J vols. Hoiiia'. 1680. 
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Fui. 500. — Svi'imiiiiiii; of the fish according to 
Borelli. 



the tail strikes in the direction g, e, the head is said to travel in the direction c, 6 / these movements, when the 
tail is urged with sufficient velocity, causing the body of the fish to move in the line d, c, /. The explanation 
is apparently a satisfactory one ; but a careful analysis of the swimming of the living fish induces me to believe 
it to be incorrect. According to thb, the commonly received view, the tail would experience a greater degree of 
resistance during the back stroke, that is, when it is flexed, curved, and carried away from the axis of motion 
(rf, c, /) than it would during the forward stroke, or when it is extended, straightened, and carried towards the 
axis of motion. This follows, because the concave surface of the tail is applied comparatively slowly to the water 
during what is termed the back or non-effective stroke, and the convex surface is applied vigorously during what 
is termed the forward or effective stroke. This is just the opposite of 
what actually happens, and led Sir John Lubbock (Lord Avebury) to 
declare that there was a period in which the action of the tail dragged 
the fish backwards, which, of course, is erroneous. There is this further 
difficulty. When the tail of the fish is urged in the direction g, 6, the 
head does not move in the direction c, 6 as stated, but in the direction c, 
A, the body of the fish describing the arc of a circle, a, c, A. This is a 
matter of observation. If a fish, when resting, suddenly forces its tail to 
one side and curves its body, the fish describes a curve in the water cor- 
responding to that described by the body. If the concavity of the curve 

formed by the body is directed to the right side, the fish swims in a curve towards that side. To this there is 
no exception, as any one may readily satisfy himself, by watching the movements of gold fish in a vase. Observa- 
tion and experiment have convinced me that when a fish swims it never throws its body into a single curve, as 
represented at Fig. 500, but always into a double or figure-of-8 curve, as shown at Fig. 501.^ 

The double curve is necessary to enable the fish to present a convex or non-biting surface (c) to the water 
during flexion (the back stroke of authors), when the tail is being forced away from the axis of motion (a, 6), and 
a concave or biting surface (s) during extension (the forward or effective stroke of authors), when the tail is being 
forced with increased energy towards the axis of motion (a, 6) ; the resistance occasioned by a concave surface, when 

compared with a convex one, being in the ratio of two to one. 
The double or complementary curve into which the fish forces 
its body when swimming is necessary to correct the tendency 
which the head of the fish has to move in the same direction, 
or to the same side, as that towards which the tail curves. In 
swimming, the body of the fish describes a waved track, but this 
can only be done when the head and tail travel in opposite 
directions, and on opposite sides of a given line. The anterior 
and posterior portions of the fish alternately occupy the positions 
indicated at d, c and w, v ; the fish oscillating on either side of a 
given line, and gliding along by a sinuous or wave-movement. 

I have represented the body of the fish as forced into two 
curves when swimming, as there are never less than two. These 
I designate the cephalic (d) and caudal (c) curves, from their 
respective positions. In the long-bodied fishes, such as the eels, 
the number of the curves is increased, but in every case the 
curves occur in pairs, and are complementary. The cephalic 
and caudal curves not only complement each other, but they act as fulcra for each other, the cephalic curve, 
with the water seized by it, forming the yoirU d'appui for the caudal one, and vice versd. The fish in 
swimming lashes its tail from side to side, precisely as an oar is lashed from side to side in sculling. It 
therefore describes a figure-of-8 track in the water (e, /, g, A, », /, k, Z, of Fig. 501 ). During each sweep or lateral 
movement the tail is both extended and flexed. It is extended and its curve reduced when it approaches the line 
a, by and flexed, and a new curve formed, when it recedes from the line in question. The tail is effective as a 
propeller both during flexion and extension, so that, strictly speaking, the tail has no back or non-effective stroke. 
The terms effective and non-effective employed by authors are applicable only in a comparative and restricted sense ; 
the tail always operating, but being a less effective propeller, when in the act of being flexed or curved, than when 
in the act of being extended or straightened. By alwaj^ directing the concavity of the tail {s and t) towards the 
axis of motion (a, 6) during extension, and its convexity (c and v) away from the axis of motion (a, b) during 

^ It is only when a fish is turning that it forces its body into a single enrve. 




Fig. 601. — Swinmiing of the fish (sturf^eon — Acipenser 
Murio) according to the Author, a, 6, Line of advance ; 
c, rf, double or tigure-of-8 curve made by the jiosterior {c) 
and anterior (d) halves of the l>ody — the coniiilenientary 
curve being indicated at i% w ; f , /, g, A, i, j, k% /, figuro- 
of-S tnyectory made by the lateral oscillations of the tail, 
first in one direction (s) and then in another (t) — the larger 
cross curves {g h, k L,) on the figure-of-8 representing the 
most effective parts of the strokes ; the smaller cross curves 
{e/j ijt) representing the least effective parts of the strokes. 
(Drawn from nature oy the Author, 1867. )i. 
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flexion, the fish exerts a maximum of propelling power with a minimum of slip. In extension of the tail the caudal 
curve (s) is reduced as the tail travels towards the line a, 6. In flexion a new curve '-(v) is formed as the tail 
travels fr&in the line a, 6. While the tail travels from 8 in the direction t, the head travels from d in the direction u?. 
There is therefore a period, momentary it must be, when both the cephalic\nd caudal curves are reduced, and the 
body of the fish \r straight, and free to advance without impediment. The different degrees of resistance experienced 
by the tail in describing its ligure-of-8 movements, are represented by the different-sized curves e /, y A, % j, and 
k Z, of Fig. 501. The curves e, / indicate the degree of resbtance experienced by the tail during flexion, when 
it is being carried away from and to the right of the line a, 6. The curves ^, h indicate the resistance experienced 
by the tail when it is extended and carried towards the line a, 6. This constitutes a half vibration or oscillation 
of the tail. The curves i, j indicate the resistance experienced by the tail when it is a second time flexed and 
carried away from the line a, 6. The curves A, I indicate the amount of resistance experienced by the tail when 
it is a second time extended and carried towards the line a, 6. This constitutes the remaining half of one com- 
plete vibration. These movements are repeated in rapid succession so long as the fish continues to swim forwards. 
They are only varied when the fish wishes to turn round, in which case the tail gives single strokes either to the 
right or left, according as it wishes to go to the right or left side respectively. The resistance experieixced by the 
tail when in the positions indicated by e, / and i, / is diminished by the tail being slightly compressed, by its 
being moved more slowly, and by the fish rotating on its long axis so as to present the tail obliquely to the water. 
The resistance experienced by the tail when in the positions indicated by ^, h, k, I, is increased by the tail being 
divaricated, by its being moved with increased energy, and by the fish re-rotating on its long axis, so as to present 
the flat of the tail to the water. The movements of the tail are slowed when the tail is carried away from the 
line a, 6, and quickened when the tail is forced towards it. Nor is this all. When the tail is moved slowly away 
from the line a, 6, it draws a current after it, which, being met by the tail when it is urged with increased velocity 
towards the line a, 6, enormously increases the hold which the tail takes of the water, and consequently its pro- 
pelling power. The tail may be said to work without slip, and to produce the precise kind of liquid currents which 
afford it the greatest leverage. In this respect the tail of the fish is infinitely superior as a propelling organ to any 
form of screw propeller yet devised. The screw at present employed in navigation ceases to be effective when pro- 
pelled beyond a given speed. The screw formed by the tail of the fish, in virtue of its reversing reciprocating action, 
and the manner in which it alternately eludes and seizes the water, becomes more effective in proportion to the 
rapidity with which it is made to vibrate. The remarks now made of the tail and the water are equally d propos 
of the wing and the air. The tail and the wing act on a common principle. A certain analogy may therefore be 
traced between the water and air as media, and between the tail and wing as instruments of locomotion. From 
this it follows that the water and air are acted upon by curves or wave-pressure emanating in the one instance 
from the tail of the fish, and in the other from the wing of the insect, bat, or bird. The reciprocating and opposite 
curves into which the tail and wing are thrown in swimming and flying constitute mobile helices or screios, which, 
during their action, produce the precise kind and degree of pressure adapted to fluid media, and to which they 
respond with the greatest readiness. The whole body of the fish is thrown into action in swimming ; but as the 
tail and posterior half of the trunk are more free to move than the head and anterior half, which are more rigid, 
and because the tendons of many of the trunk-muscles are inserted into the tail, the oscillation is greatest in the 
direction of the latter. The muscular movements travel in spiral waves from before backwards ; and the waves 
of force react upon the water, and cause the fish to glide forwards in a series of curves. Since the head and tail, 
as has been stated, always travel in opposite directions, and the fish is constantly alternating or changing sides, 
it in reality describes a waved track. These remarks may be readily verified by a reference to the 8¥rimming of 
the sturgeon, the movements of which are unusually deliberate and slow. The number of curves into which the 
body of the fish is thrown in swimming is increased in the long-bodied fishes, as the eels, and decreased in those 
whose bodies are short or are comparatively devoid of flexibility. In proportion as the curves into which the body 
is thrown in swimming are diminished, the degree of rotation at the tail or in the fins is augmented, some fishes, 
as the mackerel, using the tail very much after the manner of a screw in a steamship. The fish may thus be said 
to drill the water in two directions, namely, from behind forwards by a twisting or screwing of the body on its 
long axis, and from side to side by causing its anterior and posterior portions to assume opposite curves. The 
pectoral and other fins are also thrown into curves when in action, the movement, as in the body itself, travelling 
in spiral waves ; and it \a worthy of remark that the wing of the insect, bat, and bird obeys siniilar impulses, the 
pinion, as I shall show further on, being essentially a spiral organ. 

The twisting of the pectoral fins is well seen in the common perch (Perm fluvialtlis), and still better in the 
15-spined stickleback {Gasterosteus spinachia), which latter frequently progresses by their aid alone.^ In the stickle- 

» The Syngnathi, or pipefishes, swim cliifHy by the undulating movement of the doi-sal Hn. 
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back, the pectoral fins are so delicate, and are plied with such velocity, that the eye is apt to overlook them, 
particularly when in motion. The action of the fins can be reversed at pleasure, so that it is by no means an 
unusual thing to see the stickleback progressing tail first. The fins are rotated or twisted, and their free margins 
lashed about by spiral movements which closely resemble those by which the wings of insects are propelled.^ The 
rotating of the fish upon its long axis is seen to advantage in the shark and sturgeon, the former of which requires 
to turn on its side before it can seize its prey, — and likewise in the pipefish, the motions of which are unwontedly 
sluggish. The twisting of the tail is occasionally well marked in the swinmiing of the salamander. 

The foregoing account of the swinmiing of the fish was written by me as early as 1867,- and I have frequently 
verified its accuracy. 

So recently as March, 1904, at the aquarium of Naples, I took notes and made drawings of the movements 
made by the tails and pectoral fins of several fishes whch are wholly confirmatory of my views already expressed. 
As the notes are short and the drawings simple, I crave the indulgence of the reader for inserting them here. They 
are as follows : The tails of fishes when made to oscillate from side to side always develop double or figure-of-8 
curves. When the tail is moved from right to left, the posterior free margin of the caudal fin makes the double 
curve indicated at A of Fig. 502. When the tail is moved 
from left to right the posterior free margin of the caudal fin 
makes the double curve indicated at B of Fig. 502. 

These figures when placed together or imited give the 
figure-of-S shown at C. 

When the tail is made to oscillate from side to side, it 
alternately spreads out and partially closes during each 
stroke. Thus when the tail is urged from right to left, it 
is spread out and makes a large curve at the beginning 
of the stroke — the curve being diminished and reversed 
towards the end of the stroke. The concavity of the large 
curve is directed towards the mesial line of the fish ; the 
convexity of the small curve being directed away from the 
said line. 

When the tail is urged from left to right, similar but 
opposite curves are developed. The curves made by the 
tail enable the fish to seize and let go the water in which 

it is immersed with surprising dexterity and ease, and in such a manner as to secure a maximum of propelling 
power with a minimum of slip. 

What is said of the tail of the fish applies, as a rule, to the pectoral fins. These, in the majority of cases, 
develop double or figure-of-8 curves in all respects analogous to those witnessed in the tail. The pectoral fins 
generally move at the same time or synchronously. There are, however, cases in which they are moved separately 
and independently. 

The pectoral fins are chiefly employed in ascending, descending, and balancing ; the great organ of propulsion 
being the tail. 

The peculiarities of fishes as regards shape, size of fins, osseous and muscular arrangements, &c., are given at 
Plates civ., clvi., and clvii., which follow. 






ABC 

Fio. [}02. — Double or tij;ure-of-8 curves made by the tails and 
I>cctonil fins of fishes in swimming (the Author). 



PLATE CLV 

Plate civ. illustrates peculiarities in the general shape, and in the size and form of the fins of ancient and 
modem fishes. 

Fig. 1. — Shark (Ccstraeion gaXateus : Australia). Exhibits old world peculiarities. The fins are comparatively very large, and 
the tail is unsymmetrical or heterocercal. There are two dorsal fins with a spike in front of each; two pectoral fins ; two ventral, 
an anal, and a caudal fin, all large and powerful. The sharks possess prodigious swimming power both as regards speed and 
endurance (after Qiinther). 

* If the [lectoral tins are to be regarded as the homologues of the anterior extremities (which they unnuestiouably are), it is not surprising 
that in them the spiral rotatory movements which are traceable in the extremities of ({uadni[>eds, and so fully develoi»ed in the whigs of bats and 
birds, should be clearly foreshadowed. "The muscles of the i)ectoraI tins," remarks Professor Owen, "though, wh6n comjwired with those of the 
homologous members in higher vertebrates, they are very small, few, and simple, yet suffice for all the requisite movements of the tins — elevating, 
depressing, advancing, and again laying them prone and Hat, by an obli(}ue stroke, upon the sides of the body. The rays or digits of botli 

fiectorals and ventrals (the homologues of the jK^sterior extn^mities) can l)e divaricated and approximated, and the intervening webs spread out or 
olded up." 

* *'0u the Mechanical Appliances by which Flight is attained in the Animal Kingdom." {Trans. Linn. Soc., vol. xxvi.) 
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PLATE CLV (continued) 

Fig. 2. — Pegnsxis natans : China and Australia. A curious little fish, the body of which is covered with bony plates. The fins 
csonsist of two pectorals, one dorsal, one ventral, one anal, and one caudal. The pectoral fins are very large, of a triangular rounded 
shape and radiate like fans. They bear a general resemblance to certain wings, and, as they can generate spiral wave-movements, 
are very useful not only in swimming but in elevating or depressing the body of the fish (after Giinther). 

Fig. 3. — The saw-fish (Pristts: tropical and sub-tropical). A remarkable old world form. Has large powerful fins and 
unsymmetrical heterocercal tail like the shark (Fig. 1). The outstanding feature is the saw, which sometimes measures six feet in 
length and is a most formidable weapon of attack. It has two large pectoral and two large ventral fins ; the rays of the pectoral 
fins radiating like those of the common skate (Raja batu). The dorsal fins are triangular in shape, with thick, tapering, semi-rigid 
anterior margins, and thin, tapering, posterior margins, in which respects they resemble true wings. The caudal or tail tin, which is 
fleshy and heterocercal, has the same general structure as the dorsal fins. The saw-fish is one of the most powerful swimmers known ; 
a circumstance partly due to the large graduated, elastic, finely-shaped fins, but chiefly to the wonderful mobility possessed by the 
posterior half of the body which forms a long lever for the highly organised tail. (Drawn for the present work from nature by 
G. Berjeau.) 

Fig. 4. — The sword-fish (Histiophorus iiidicus : tropical and sub-tropical) is one of the swiftest, most courageous, and dangerous 
of the fish tribe. It attains to 12 and 15 feet in length with sword measuring 3 feet and upwards. It fearlessly attacks whales 
and other large animals, and, occasionally, boats. Represents an old world type. The fins are remarkable, especially the dorsal 
fin (a), which is very ample and extends along the baick quite two-thirds of the body. Its width in some parts exceeds the depth 
of the body, and, as its rays can be erected, it is said to act occasionally as a sail when the fish is floating at the surface of the water. 
The pectoral and anal tins (6, d) are small ; the ventral ones (c) assuming the form of styliform appendages. The caudal or tail tin 
(e) is one of the most beautifully formed and perfect swimming organs in existence. It consists of two triangular symmetrical 
portions curiously tied together at their roots ; each portion resembling the wing of a swift. The rays of each half of the tail 
radiate and taper outwards and backwards ; the tail being thickest at the root and along the anterior margin, and thinnest at the 
free extremities and along the posterior margin : it is also highly elastic, in all which it possesses the true wing structure, llie 
outstanding features are the great spread and narrowness of the tail, which secure greatly increased leverage and smooth rapid 
working. It has only to be added that the posterior third of the body of the sword-fish forms a long, tapering, highly flexible lever 
which confers on the tail every possible mechanical advantage. The tail of the sword-fish resembles in a general way that of the 
mackerel (Scomber scomber), but it is more highly differentiated as a swimming organ. (Drawn for the present work from nature 
by C Berjeau. ) 

Fig. 6. — Goby or "walking-fish" (/Vriop^/^a/mMs koelreuteri: tropical and temperate). This remarkable fish is provided with 
two large dorsal fins, and two muscular pectoral fins, which, with the coalesced ventral fins and tail, it employs for walking and 
leaping on the mud from which the tide has receded. It hobbles along with great celerity in search of small crustaceans upon 
which it largely lives. To its other peculiarities it adds large movable eyes which can be extruded from the head and enable it to 
see as well in air as in water. It also builds a nest for its eggs, which it jealously guards until they are liatched out. The goby, 
as its appearance indicates, is more or less an old world form. It shares its power of leaving the water for longer or shorter 
intervals with the eel (AnguUla), mud fish (Amia calva), climbing perch (Anabas scajideus), &c. (after Giinther). 

Fig. 6. — (A, 6, 0). Represents three ganoid or old world fossil fishes which are, in several respects, peculiar. They are, so 
to speak, armour plated, and their fins are small and curiously shaped. Their semi-rigid casing of armour, coupled with their 
diminutive swimming organs, must have greatly impaired their powers of locomotion. 

A. Hohptychim nohilvsnimus, a fossil form restored by Professor Huxley. Found in the Upper Old Red Sandstone at Dura Den, 
Cupar, Fife. Characterised by two narrow fringed pectoral fins (a), two smaller fringed ventral fins (^), one anal fin (r), two 
dorml fins ((/, e\ and an aborted somewhat square- shaped heterocercal caudal or tail fin (j). Neither the size nor the shape of the 
fins gives indication of rapid swimming. 

B. Odeolepisy as restored by Pander. Found in the Middle Old Red Sandstone. This fossil fish resembles that figured at A, 
but is of more slender build, and its caudal tin is more triangular in shape. Its general form and the greater size of its fins no 
doubt somewhat improved its swimming capacity, a. One of the fringed pectoral fins ; //, one of the ventral tins ; r, anal fin ; 
cf, «, dorsal fins ; /, triangular-shaped heterocercal caudal or tail fin. 

C. Polypterus (Agassiz), a fish of the ganoid type living in the Nile and other African rivers. It has a long slender body, and 
differs slightly from the ganoids figured at A and B, in the shape and position of its fins ; more especially the dorsal and caudal 
fins, a, One of the fringed pectoral fins ; 5, one of the ventral fins ; r, anal fin ; d, e, dorsal tin composed of a series of separate 
finlets which resemble diminutive sails ; /, oval-shaped radiating caudal or tail tin. The swimming powers of this and the other 
ganoids figured are^ from the nature of things, limited, as compared with some other old world forms, especially the sharks, which, 
as has been explained, are amongst the swiftest of fishes. 

Fig. 7. — The flying-fish (Exoccttus: tropical and sub-tropical). This curious and striking fish forms a transition or connect- 
ing link between locomotion in the water and in the air. It swims well in the water, and, at times, flies in the air parachute- 
fashion. To this end, it is provided with two very large pectoral fins which considerably resemble ordinary wings. By the 
vigorous action of its powerful tail in the water it acouires the momentum which enables it to shoot out of that medium and tiy 
or glide in a parabolic curve for 50(> or more feet. As all the tins of the Hying-tish are large, the creature resembles a toy boat in 
full sail. (Drawn for the present work from nature by C Berjeau.) 

Fig. 8. — The sea-trout (Salmo trutta) affords an admirable example of a modem fish both as regards its shape and power of 
swimming. It is a handsome fish, and its fins, which are of moderate size, are well formed. Its caudal or tail-tin on which it relies 
chiefly for progression is triangular in shape. Its ra3's radiating from a central point, are carefully graduated and tapered, and are 
very elastic and mobile. The rays can also be separated and brought together when the tail is lashed from side to side by the 
lower half of the body. The tail and posterior half of the body work together and form a remarkably etifective swimming organ. 
(Drawn for the present work from nature by C. Berjeau.) 
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PLATE CLVl 

Plate clvi. Shows the osseous, muscular, and other arrangements connected with the swimming of the perch 
(Perca fluviatUis), The spinal colunm and bones generally, as well as the muscles, are arranged to facilitate the 
lateral sinuous movements of the body and tail. The rays of the fins are specially devised to admit of opening 
and closing movements, so that the extent of the fins can be increased and diminished at pleasure. The opening 
and closing movements seen in all the fins are particularly observable in the caudal or tail fin which is divided into 
two portions. 

Fig. 1. — Skeleton of the perch (Perm flnviutiUjt) (after Cuvier). The spinal cohimn and its bony appendages occupy a central 
position in the body and are extended vertically so as to make the body thinner in this direction and allow of the lateral lashing 
of the body and tail in swimming, a, a\ Rays of dorsal fins, tapering, curved, elastic, and branching ; ^, rays of pectoral fin ditto ; 
c, rays of ventral fin ditto ; (/, rays of anal fin ditto ; e, e\ spines of caudal or tail fin which is divided into two triangular portions 
united at the root of the tail. The mys of all the fins are jointed at their bases of support so as to secure great freedom of move- 
ment in all directions, especially a divaricating or spreading movement and a closing or compressing movement. The arrangement 
of the bones and rays at the root of the tail is at once important and instructive. The tail consists of two triangular portions ; 
the rays of each portion radiating in curves from the spinous processes of the last portions of the vertebral column to which they 
are united by joints. The rays of the caudal fin taper and branch and are highly elastic ; the tail l)eing thickest at its root and 
along its upper and lower margins, and thinnest at its posterior margin. The tail, structurally, is essentially a wing. An artificial 
fish tail can be readily constructed by lashing together two triangular-shaped wings at their roots to an elastic lever.. Such artifi- 
cial tail is a powerful propeller. 

Fig. 2. — The muscular system of the perch {Perca fluviatHis), The muscles of the body and tail of the fish are arranged in two 
longitudinal sets (the great lateral muscles of Cuvier) which are each divided by a median longitudinal groove into a aorsal and 
ventral half. The two longitudinal sets are divided vertically into a number of flakes or segments (myocommax) by aponeurotic 
septa which supply points of attachment for the muscular fibres. The vertical divisions are zi^-zagged across the body and occur 
at r^ular intervals. In addition to the two great lateral longitudinal muscles the fibres of which run from the head to the tail of 
the &h, there are other muscles the fibres of which pursue oblique directions. The longitudinal or straight muscles flex or curve 
and extend the body and tail in swimming ; the oblique muscles twisting and rotating tnem ; and the straight and oblique muscles, 
between them, producing spiral double curve figure-of-8 movements. When the lateral sinuous spiral movements are continued 
and run into each other they engender a double curve, figure-of-8 trajectory. 

Similar movements occur in the several fins, especially the caudal and pectoral ones, the rays of the former separating when 
the effective strokes are being given, and coming together when the non-effective strokes are being made. The caudal and other 
fins are furnished with intrinsic muscles of their own, and the same is true of the different portions of the head. The muscles are 
attached to the several parts of the skeleton, and more particularly to the vertebral column and ribs. The muscular system may be 
said to centre in the vertebral column, and to this the chief s \imming movements are to be traced, a, a'. Dorsal fins with trans- 
parent swimming membrane stretched between the rays ; 6, pectoral fin cut across ; c, ventral fin ; d, anal fin ; e, e^, caudal or tail fin 
(after Cuvier). 

Fig. 3. — Caudal fin or tail of the perch (Perca fluviatilvt) in the expanded (A) and unexpttiided (B) condition. Shows the straight 
and oblique muscles connected with the tail which bend or curve it, which cause it to twist and rotate slightly on its axis, which 
confer on it spiral fi^ure-of-8 vrave movements, and which separate and spread out its rays when the effective stroke is being 
delivered, and approximate and bring them together during the non-effective stroke. 

A. In this figure the rays of the caudal fin are separated, and the swimming membrane between them put upon the stretch 
(superficial view). 

B. In this figure the rays of the caudal fin are approximated, and the area of the tail diminished (deeper view). 

In A and B the straight and oblique muscles (superficial and deep) going to the tail are well seen and fully account for the 
doable curve spiral figure-of-8 movements made by it. 



PLATE CLVII 

Plate clvii. Illustrates how the rajrs of the symmetrical caudal or tail fin of the hendng and mackerel are 
brought together and the area of the tail diminished, and how they are separated and the area of the tail increased. 
The same thing happens, although to a less extent, in the unsynmietrical or heterocercal tail of the shark and 
sturgeon, and in the webbed flippers and hind feet of the seal. This Plate also shows how the skate flies rather 
than swims through the water by means of its immense pectoral fins, how the pectoral fins and tail of the thresher 
shark are formed on a wing-model, and how, in one sense, these fins are to be regarded as flying, as well as 
swimming organs. 

Fig. 1. — The herring (Clupea hnrengns : temperate zone). Shows the tail when most compressed. 

Fig. 2. — The same with the tail moderately expanded. 

Fiu. 3. — The same with the tail fully expanded. (Drawn for the present work from nature by C. Berjeau.) 

Fig. 4. — The mackerel (Scomber scomlter : temperate and tropical seas). Shows the tail fully compressed. 

Fig. 5.— The same with the tail fully expanded. The mackerel is a remarkably fast swimming fish ; the slmpe of the body, 
and the size and form of the caudal fin contributing to this result. The activity of the fish is such that it is provided with darker 
VOL. in. N 
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PLATE CLVII (cmitinued) 

muscles, a better blood supply, and a higher temperature than most other denizens of the sea. (Drawn for the present work from 
nature by C. Berjeau.) 

Fig. 6. — The Greenland shark (Lstmargus borealis : Arctic regions). The tail of this shark is unsymmetrical or heterocercal ; 
the upper lobe in which the vertebral column terminates being the larger of the two lobes composing it. The tail tapers from its 
root upwards, downwards, and backwards, and its rays run in a horizontal, oblique, and downward direction. The ravs divaricate 
very little, the organ deriving its power chiefly from its graduated structure, and the fact that it is highly elastic and flexible and 
is propelled by the posterior half of the body which forms a long and very effective lever. (Drawn from nature by the Author.) 

Fi». 7. — The sturgeon {Acipeiiser sturio : temperate zone) is, perhaps, the geologically youngest of the ganoid fishes. The tail 
is unsymmetrical or heterocercal, and consists of an upper and lower portion. The spinal column terminates in the upper portion, 
which is the larger of the two. The tail tapers, and is beautifully graduated : the superior margin ((t, 6) being thicker than the 
inferior margin ((2, 0), and the root (a, d) being thicker than the posterior free margin (/, g, h). The rays radiate obliquely up> 
wards and backwards, backwards, and downwards and backwards. The tail is a highly elastic springy organ, and, as it is lashed 
with great force from side to side by the posterior third of the body in swimming, it forms a most effective propeller. The tail of 
the sturgeon bears a general resemblance to that of the Greenland shark (Fig. 6) (after Giinther). 

Fio. 8. — The elephant seal {Macrorhinns leaninua : South America, &c.). Shows the webbed hind flippers in the compressed or 
folded condition and m the fully expanded condition. The hind flippers of the seal correspond to the two halves of the tail of the 
fish as a swimming organ, and no better example can be given of tne manner in which what is virtually the swimming tail of the 
seal is alternately opened up and closed during the effective and non-effective strokes. The five toes of each hind flipper correspond 
to the rays of each naif of the fish tail, and the toes and the rays are alternately separated and brought together in precisely the 
same way by their appropriate muscles. Similar remarks apply to the hind flippers of the walrus and sea-lion. The anterior or 
fore flippers of the seal, sea-lion, and walrus are formed on the same plan as the hind ones and possess like powers. (Drawn for 
the present work by C. Berjeau.) 

Fio. 9. — The common skate {Raja ftatis : temperate zone). Shows the radiating greatly expanded pectoral (a) and ventral (6) 
fins, by the aid of which the fish flies rather than swims through the water in a series of undulations (r, c') which travelling back- 
wards propel the body forwards (d, d'). (Drawn for the present work from nature by C. Berjeau.) 

Fio. 10. — The thresher or fox shark (Alo})ectas vuXpe^ : sub-tropical and temperate). Shows splendid pectoral fins and a huge 
scythe-like swimming tail. The pectoral and caudal fins are beautifully graduated and resemble wings, in that they are triangular in 
shape and exquisitely graduated ; being thick at the root and along the upper anterior margin, and thin at the tip and along the 
lower posterior margin. They are highly flexible and elastic and endow their possessor with extraordinary swimming power. The 
arrangement and size of the fins enable this particular shark to roll over and seize its prey with precision and alacrity notwith- 
standing the awkward position of the mouth. (Photographed from nature for the Author by E. M.) 



In the swimming of the fish the whole body is engaged ; this being thrown into double reversing complementary 
curves well seen in the long-bodied fishes, such as the eels, certain sharks, and sturgeons. The posterior half of 
the body and the caudal fin or tail form a long and, consequently, powerful lever, and perform the chief part of 
the work. The swimming movements of the body and tail furnish examples of reciprocal sinuous wave movements ; 
the posterior part of the body and tail being made to oscillate on either side of the trunk with immense speed 
and power, and in such a way as to secure the maximum of propelling power with the minimum of slip. While 
the sinuous movements are being developed, the fish is also rotating and twisting slightly on its long axis. The 
sinuous and semi-rotatory movements of the body are accompanied by remarkable changes in the tail itself. This 
finely formed and highly mobile organ develops at its free posterior margin spiral double curve figure-of-8 move- 
ments of its own. Similar movements appear in the fins, especially the pectoral ones. These movements in the 
body, tail, and fins can readily be detected even by the inexperienced observer. They are less apparent in the short 
bodied fishes than in the more elongated forms, but they occur in all. 

The movementa of the fish in swimming are at once peculiar, graceful, and striking. They follow each other, 
in many cases, with extreme rapidity, but there is nothing jerky or spasmodic in them. On the contrary, they are 
continuous gliding movements, which run into each other without hitch or impediment of any kind, and, occasion- 
ally, with lightning rapidity. Who has not seen a river trout dart through the clear water of a placid pool like 
a flash of light, not knowing whence it came or whither it went ? 

The movements of fishes can be best studied in fish ponds and in well stocked aquariums ; but, failing these, 
all the main points can be readily made out by the judicious use of a vase of goldfish. 

Before entering on an analysis of the swimming movements of the fish, it will be well to discuss with some 
little detail its muscular arrangements, as on these all the movements, simple and complex, primarily depend. 

§ 368. Consideration of the Osseous and Muscular Systems of the Fish. 

In Older fully to comprehend the lateral sinuous double curve movements made by the body and tail of the 
fish in swimming, it is necessary to bear in mind that the skeleton of the fish, and especially the vertebral column, 
is specially constructed to facilitate lateral sinuous horizontal movements, and prevent vertical sinuous up and down 
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movements. The muscles, in like manner, are specially devised and arranged to throw the body and tail of the 
fish into opposite complemental curves and to confer on them a certain degree of spiral rotatory motion. 

The fundamental idea in the muscular system of the fish is a system composed of longitudinal bands, the fibres 
of which run in the direction of the length of the body ; the bands themselves occupying lateral positions and 
forming the sides of the fish. Such a system of muscles suffices to produce single curve movements of the body 
and tail, provided the two sets of longitudinal muscular bands work in unison ; the one set contracting and 
shortening when the other is relaxing and elongating and vice versd. 

Such a simple arrangement actually obtains in the lowest vertebrate, the lancelet, where the muscular system 
consists of two longitudinal bands, one of which runs along each side of the body ; the bands being divided verti- 
cally by aponeurotic septa into flakes or segments (myocommas) which give attachments to the muscular fibres. The 
longitudinal muscular bands form the prototypes of the " great lateral muscles " of Cuvier. The muscular bands 
have no connection with the notochord, unless in front, where there is a slight connection with the visceral skeleton. 

Similarly, in the Cyclostomes the greater portion of the muscular system is not directly related to the skeleton, 
unless on the skull and visceral skeleton, where separate muscles are set apart for the performance of special 
functions. 

In the higher fishes, the simple longitudinal lateral arrangement of muscles (which I regard as fundamental) 
persists, but other muscles make their appearance, which move the several parts of the head, the various fins, Ac. 
The longitudinal muscles themselves are complex and are composed of many smaller segments corresponding with 
the number of the vertebrsD. 

Not only do the longitudinal lateral muscles become complex in structure, but muscles with varying degrees 
of obliquity are added ; these having special attachments to the vertebral column and its appendages, to the ribs, 
to the tail, to the dorsal, pectoral, ventral, and anal fins, and wherever special movements are a desideratum. 

The added muscles, and the additional complexity in the structure of the great longitudinal lateral muscles, 
fully meet the requirements of the case, and make the double curve spiral semi-rotatory movements of the body and 
tail and other fins, witnessed in the swimming of the higher fishes, possible. 

When the surfaces of the two great longitudinal lateral muscles are examined, a median longitudinal groove 
is seen to divide each muscle into a dorsal and ventral half so as to produce what is virtually a four-fold arrange- 
ment of the muscles. The groove referred to contains blood-vesseha and a considerable quantity of fat and embryonal 
muscular substance which is of a darker colour than the other muscles. It therefore forms a well-marked dividing 
line. The surfaces of the great longitudinal lateral muscles are further seen to be marked by white parallel zigzag 
stripes arranged vertically ; the stripes being formed by aponeurotic septa occurring between the segments or 
myoconmias, each aponeurotic septum being attached to the middle and the apophysis of a vertebra or to a rib where 
it exists. The aponeurotic septa, in many cases, receive additional supports from epipleural spines. The muscular 
fibres of the segments or myocommas follow a straight longitudinal course between the aponeurotic septa and are 
grouped to form conical masses ; the dorsal and ventral conical masses having their apices directed backwards, and 
the central conical mass having its apex directed forwards. The two sets of cones mutually dovetail and interlock 
each other. As a consequence of this arrangement, the muscular system of the body of the higher fishes on trans- 
verse section is seen to consist of a longitudinal series of concentric rings symmetrically arranged in four groups 
equidistant from the spinal column. 

The following is the account of the myology of the fish written by me in 1867 : ^ "In the fish the muscles 
are for the most part arranged in dorsal, ventral, and lateral sets, which run longitudinally ; and, as a result, the 
movements of the tnmk, particularly towards the tail, are from side to side and sinuous. As, however, oblique 
fibres are ahso present, and the tendons of the longitudinal ones in some instances cross obliquely towards the tail, 
the fish has also the power of tilting or twisting its trunk (particularly the posterior half) as well as the 
caudal fin. 

*' In a mackerel which I dissected, the oblique muscles were represented by the four lateral masses occurring 
between the dorsal, ventral, and lateral longitudinal muscles — two of these being found on either side of the fish, 
and corresponding to the myocommas or ' grand musde lat^al ' (Cuvier). The muscular system of the fish would 
therefore seem to be arranged on a fourfold plan, — there being four sets of longitudinal muscles, and a corresponding 
number of slightly oblique and oblique muscles ; the oblique muscles being spiral in their nature and tending to cross 
or intersect at various angles, an arrest of the intersection, as it appears to me, giving rise to the myocommas and 
to that concentric arrangement of their constituent parts so evident on transverse section. This disposition of the 
muscular fibres to cross each other at various degrees of obliquity may also be traced in several parts of the hunaan 
body, as, for instance, in the deltoid muscle of the arm and the deep muscles of the leg. Nimierous other examples 

^ "On thu Mechanical Aj»pliances by which Flight is attained in the Animal Kingdom." (Trans, Linn. Svc^ vol. xx\i. p. 201.) 
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of penniform muscles might be adduced. Although the fibres of the myocommas have a more or less longitudinal 
direction, the myocommas themselves pursue an oblique spiral course from before backwards and from within 
outwards, that is, from the spine towards the periphery, where they receive sllgfetly oblique fibres from the longi- 
tudinal dorsal, ventral, and lateral muscles. As the spiral oblique myocoibmssfl^jxl-tbe- oblique fibres from the 
longitudinal muscles act directly and indirectly upon the spines of the vertebrse, and* i& /Vertebra .themselves, to 
which they are specially adapted, and as both sets of oblique fibres are geared by interdigitatiqhQ-to the. four- 
fold set of longitudinal muscles, the lateral, sinuous, and rotatory movements of the fish referred to afe^ /etiEiiily 
acoounted for. 

" The peculiar formation of the spinal column of the fish facilitates the lateral sinuous twisting movements of 
the tail and tnmk, from the fact of the vertebrae composing it being united to each other by a series of modified 
universal joints — ^the vertebrae supplying the cup-shaped depressions or sockets, the intervertebral substance the 
prominence or ball. 

" The same may be said of the general arrangement of the muscles in the trunk and tail of the cetacea, the 
principal muscles in this case being distributed, not on the sides, but on the dorsal and ventral aspects. The 
lashing of the tail in the whales is consequently from above downwards or vertically, instead of from side to side. 
The spinal colunm is jointed as in the fish, with this difference, that the vertebrae (especially towards the tail) 
form the rounded prominences or balls, the menisci or cup-shaped intervertebral plates the receptacles or sockets." 

When limbs are present, the spine may be regarded as being ideally divided, the spiral movements, under these 
circumstances, being thrown upon the extremities by tjrpical ball-and-socket joints occurring at the shoulder and 
pelvis. This is peculiarly the case in the seal, where the spirally sinuous movements of the spine in swimming are 
transferred directly to the posterior extremities. 

The extremities, when present, are provided with their own muscular cycles of extensor and flexor, abductor 
and adductor, pronator and supinator muscles. These run longitudinally and at various degrees of obliquity, and 
envelop the hard parts according to their direction. The bones are twisted upon themselves and are furnished 
with articular surfaces which reflect the movements of the muscular cycles, whether these occur in straight lines 
anteriorly, posteriorly, or laterally, or in oblique lines in intermediate situations. The straight muscles are prin- 
cipally brought into play in the extension and flexion of the extremities of quadrupeds in walking, and the oblique 
ones in the twisting of the pectoral and caudal fins of fishes, the flippers and tails of whales, and the anterior and 
posterior flippers of seals in balancing and swimming, and the wings of insects, bats, and birds in fljring. The 
straight and oblique muscles are usually found in combination, and co-operate in producing the movements in 
question ; the amount of rotation in a part always increases as the oblique muscles preponderate. The combina- 
tion of ball-and-socket and hinge-joints, with their concomitant oblique and non-oblique muscular cycles (the 
former occurring in their most perfect forms where the extremities are united to the trunk, the latter in the extremi- 
ties themselves), enables the animal to present, when necessary, an extensive resisting surface and a greatly diminished 
and comparatively non-resisting one, and secures that subtlety and nicety of motion demanded by the several media 
at different stages of progression. 

In those land-animals which take to the water occasionally, the feet, as a rule, are furnished with membranous 
expansions extending between the toes. Of such the otter, ornithorhynchus, seal, crocodile, sea-lion, walrus, frog, 
and triton, may be cited. The crocodile and triton, in addition to the membranous expansion occurring between 
the toes, are supplied with a powerful swimming tail, which adds very materially to the extent of surface engaged 
in natation. Those animals, one and all, walk awkwardly, it always happening that when the extremities are 
modified to operate upon two essentially different media (as, for instance, the land and the water), the maximum 
of speed is attained in neither. For this reason those animals which swim the best, walk, as a rule, with the 
greatest diflBculty, and vice versd, as the movements of the auk and seal in and out of the water amply testify. 

The muscles in the fish, as has been explained, are for this purpose arranged along the spinal column, and 
constitute the bulk of the animal, it being a law that when the extremities are wanting, as in the water-snake, or 
rudimentary, as in the fish, lepidosiren,^ proteus, and axolotl, the muscles of the trunk are largely developed. In 
such cases the onus of locomotion falls chiefly, if not entirely, upon the tail and posterior portion of the body. The 
operation of this law is well seen in the metamorphosis of the tadpole, the muscles of the tnmk and tail becoming 
modified, and the tail itself disappearing as the limbs of the perfect frog are developed. The same law prevails 
in certain instances where the anterior extremities are comparatively perfect, but too small for swimming piurposes, 
as in the whale, porpoise, dugong, and manatee, and where both anterior and posterior extremities are present but 

* The Lepidosiren is fumiBhed with two tai>eriug flexible stem-like bodies, which depend from the anterior ventral a8|>ect of the animal, the 
siren having in the same region two jMkirs of rudimentary limbs furnished with four imperfect toes, while the Froteiis has anterior extremities 
armed with three toes each, and a very feeble posterior extremity terminating in two toes. 
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dwarfed, as in the crocodile, triton, and salamander. The whale, porpoise, dugong, and manatee employ their 
anterior extremities in balancing ai^d turning, the great organ of locomotion being the tail. The same may be 
said of the crocodile, triton, and*5&l^'mander, all of which use their extremities in quite a subordinate capacity as 
compared with the taiU -. Tl^ jpi^uWr hiovements of the trunk and tail evoked in swinmiing are seen to most advan- 
tage in the fish. •• • •'": •'•. v • ' 

:• '§'3i^*:AsKilysis of the Movements in the Swimming of the Whale, Porpoise, Halitheriumi Rhytina, 

Dugong, Manatee, &c. 

The swinmiing movements of the remarkable sea-manunals are strictly analogous to those of the fish, the onlv 
difference being that the tail acts from above downwards or vertically, instead of from side to side or laterally. 
The anterior extremities, which in those animals are comparatively perfect, are rotated on their long axes, and 
applied obliquely and non-obliquely to the water, to assist in balancing and turning. Natation is performed almost 
exclusively by the tail and posterior half of the trunk, the tail of the whale exerting prodigious power. It is other- 
wise with the rays, where the pectoral fins are principally concerned in progression, these flapping about in the 
water very much as the wings of a bird flap in the air. 

In order fully to realise the nature and extent of the swimming organs and surfaces in different kinds of 
animals it is necessary to study the subject from the comparative anatomy point of view. This can readily be 
done by a reference to Plates cliii. to clxiv. inclusive. In these Plates striking contrasts are obtained by placing 
certain figures, and ]:)art8 of figures, in juxtaposition. 

In Plate cliii. the swimming organs of the beaver, walrus, seal, sea-lion, penguin, triton, manatee, porpoise, 
and fish are contrasted. 

In Plate cliv. the swinmfiing arrangements of the lobster, fresh-water tortoise, fish, and bird are shown. 

In Plate civ. various modem and ancient fishes are represented, and the shapes and sizes of their bodies and 
fins compared. They embrace the shark, swimming horse, saw-fish, goby or walking-fish, the flying-fish, sea-trout, 
and three ganoid old world fossil fishes. 

In Plate clvi. the osseous and muscular systems and the caudal and other fins of the perch are shown. 

In Plate clvii. the swimming tails of the herring, mackerel, and shark, and the swimming appliances of the skate, 
shark, and elephant seal are carefully drawn from nature. 

In Plate clviii. the swimming arrangements of the caaing whale and bottle-nose whale are delineated. 

In Plate clix. the swimming apparatus of the halitherium, rhytina, dugong, and manatee are given. 

In Plates clx. and clxi. the swimming organs of the walrus, seal, and sea-lion are carefully portrayed. 

In Plate clxii., original studies from the life are given of the swimming of the seal and sea-lion. 

In Plates clxiii. and clxiv. the swimming and diving of the penguin, also from original studies, and the swimming 
of the plesiosaurus (an extinct bird-like reptile), and ichthyosaurus (an extinct fish-like reptile) are rendered with 
great spirit by Mr. C-. Berjeau from restorations by the Author. 

As the figures in the several plates referred to are carefully and fully described, and all the peculiarities of the 
parts engaged in natation duly noted, it only remains for me to add that I am indebted for Plates clviii., clix., and 
clx. to the splendid memoirs of my old friend and former colleague. Dr. James Murie, LL.D., F.Z.S. That gentleman 
has, with rare generosity, permitted me to publish, for the first time, his original figures and restorations of the 
extinct members of a fast disappearing family, namely, that of the Sirenidse. These figures form Plate clix. 



PLATE CLVIII 

Plate clviii. Illustrates more especially the anatomy of the swimming organs of the caaing and bottle*no8e 
whales and the porpoise. It brings out in strong relief the important fact, that manunals living habitually in the sea, 
assume the external configuration of the fish, both as regards the anterior flippers and the caudal or tail fin. So 
close indeed is the general resemblance that to the uninitiated the whale, which is a warm-blooded animal, is in 
common parlance, a fish. No finer example of a rapid vigorous swinmier can be adduced than that furnished bj 
the caaing whale. The tail, the chief organ of propulsion, is very small considering the size of the body, but it 
is strongly and delicately modelled, and as it is wielded by the posterior half of the body as a long lever, and has 
a wide vertical sweep, it possesses prodigious propelling power. The rounded contour of the body and a profusion 
of oblique tendons geared to oblique muscles account for the semi-rotatory twisting movements which occur in the 
tail and posterior half of the body ; and the great longitudinal masses of strong red muscles resembling the grand 
lateral muscles (myocommas) of fishes arranged above and below the spinal column with their powerful complex 
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PLATE CLVIII (cofitinue4f) 

tendons account for the vertical, double curve, sinuous figure-of-8 movements made by the tail during its vigorous 
oscillations. 

The anterior flippers in the caaing whale having become greatly dwarfed may not inaptly be regarded as 
pectoral fins, of which they are the homologues. They are scarcely employed at all in swimming, but are very 
useful in balancing and turning. They have the true wing structure, being triangular in shape, elastic, thick at 
the roots and along the anterior margins, and thin at the tips and along the posterior margins. They have the 
same structurt> as one half of the tail, and are true propellers as the tail itself is. They are moved vertically, 
obliquely, and spirally by special muscles, and develop, when moving, double curve, spiral, figure-of-8 trajectories. 
The great range of movement possessed by the anterior flippers of whales and the pectoral fins of fishes is readily 
illustrat4>d by the movements of our own arms and hands. They can be made to move forwards, backwards, 
laterally, and at any degree of obliquity with the greatest facility. They can also be made to circumduct and to 
rotate by spiral movements as in the pronation and supination of the hands, &c. (vide the muscular arrangementB 
of the superior extremities in man in another part of the work). 

Tt should be stated in connection with the great reduction in the size of the flippers in the caaing and bottl^ 
nose whales that the posterior flippers have entirely disappeared ; their place being taken by what is, virtually, 
a powerful fish tail. This fact corroborates in a striking manner the absolute necessity for sea mammals, which 
spend their lives in the water, conforming to a general plan or type as regards their form, and the size and shape 
of their swimming organs. 

The type, it need scarcely be stated, is that of the fish, which combines in itself all the mechanical advantages 
referred to. The movements peculiar to locomotion on the land, and in the water and the air, have many points 
in common, and there is a striking analog}' between the movements of swinmiing and flying animals ; this analogy 
extending to the travelling organs themselves. It has only to be added that animals move along the three great 
highway's of nature (the land, the water, and the air) not in an accidental haphazard way, but according to law 
and order ; their travelling organs being specially modified so as to secure all the mechanical advantages which the 
most advanced physics and the highest applied mathematics can secure. 

Fiu. I. — Shows the superticial and deep anatomy of the caaing whale (Gkhiocepkalu* meUu), and the poeterior poi^ion off the white- 
beaked bottle-nose whale (Lagrnorhynehuit a/6inWm), and porpoise {PhotijnM emnmunis), 

A. Body of the female caaing whale, from which the skin and the layer off ffat beneath it have been remoTed, a portion of the 
pectoral tin and tail excepted. Shows a gr^t triangular superficial layer of muscle (panniculus camoeus) converging on the root of 
the left anterior flipper or pectoral fin. The lighter portions of the figure are covered with strong fasciie. The general fiab-lib 
shape, and the beautifully modelled pectoral and caudal fins, are delineated with great fidelity. 

B. A deeper dissei'tion of the same whale seen from the left side. Shows the intrinsic or special maadea off the lefft anterior flipper 
or pectoral fin, the costal muscles, and the great longitudinal muscles placed above and below the spinal column, whichy by ths aid 
of their numerous tendons, confer a vertical, double curve, sinuous movement on the tail. Between the great longitadinal mafldei 
referred to. and nearer the spine, oblioue muscles occur which cause the tail to Iwist and partially rotate daring its verticil 
oscillations and so add to and cimiplete the figure-of-8 sculling movements made by it. 

0. The same arrangements in the posterior half or tail portion of the white-beaked bottle-noee whale. 

D. Semi-diagrammatic view of a transverse vortical section of part of the caudal keel of the caaing whale. Showa the latval 
compressed, or vaginate tendons of the sacro-cocoygeus muscles (see A and B of Fig. 2). 

E. Abdominal view of the female caaing whale ; the lower (left) half of the figure displaying a superficial disaection — the upper 
(right) half, a deeper dissection. The course of the muscular fibres of the several muscles indicates the direction in which tlie 
muscles act. 

F. Inner aspect of the left pectoral limb and of fin showing the left anterior flipper and the intrinsic maades and teodooi 
connected therewith (compare with similar parts of Fig. 1. E ; and of Fig. 2, C). It will be seen, and this ia important, that tbe 
fin is elastic, triangular in slia(>e, thick at the root and along the anterior margin, and thin at the tip and aloiig tbe posterior 
margin. In this resi)ect it represents the highest form of pectoral fin in fishes ; and very closely resemUea stmctiiimlly (aod, it 
may 1h) added, functionally) the wing of the insitct, bini, and bat. VitU the wings of insects, birda^and bate fortlier on. 

Yn^i. 2. — Shows the complex arrangement of the caudal or tail tendons in the caaing whale and porpoiae ; alao the wing-lib 
pectoral fins of the former as seen from Intneath oxiMmtul by sui>erfioial and deep dissections. 

A. Diagram showing the manner in \ihich thu tondous of tho great inferior loin muscle terminate in the '^Timing whale. Ai 
sacro-coccygeal, secimdary tendons are dragge^l out, but uiiitt* to form a circular sheath through whidi the thi^ compraeeed 
terminal tendon of the tail passes. 

B. Dissection of the posterior pi>rtion oi i\\v body of the |H>riK>ise showing the elaborate arrangement of the atraigfat awi 
obliiiue tendons connected with the caudal fin ami tail, on which the (H>culiar double curve sinuous twiating spiral movemeBU 
of that organ mainly depend. 

C Superficial and deep dissection of the ventral or undor Hurfai^^ oi the anterior third of the body off the ^**taing whale. Sbon 
the exquisitely mixielled anterior flip|>erM or i»eclorul riuH. \\\\\v\\ stiiu'tundlv >;r^'atly rt?senible true wings, in that they are triangnkr 
in shai>e. elastic, thick at the njots and along thu uutonor iurti>iin», and thin at the tii>«i and along the poeterior margins. Tbe 
superticial and deep muscles which mow or uctuato tlu' !iu» iwv larefnlly anil accunitely drawu. 
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Plate clix. Illustrates the anatomy and swimming arrangements of that most interesting but rapidly 
disappearing family, the Sirenia, composed of the halitherium, rhytina, dugong, and manatee. The halitherium 
and rhytina are extinct, and the dugong is neariy so. The manatee still lingers in South America, but in no 
great numbers. 

The finest example of the family, as far as size and swinmiing power are concerned, was the rhytina, which 
measured from twenty to twenty-five feet long. It possessed a small head, a large, rounded, finh-shaped body, fairly 
well developed anterior flippers, and a small but splendidly modelled swimming tail, resembling the taik of the 
Cetacea. It was doubtless a powerful and rapid swimmer. A restoration of this most interesting form \b shown 
floating on a sheet of ice, the lowest figure of Fig. 1 of the Plate. Above it, and to the right of the Plate, is seen 
the dugong ; while above the rhytina, in the centre of the Plate, is a restoration of the halitherium. To the left 
of the Plate, above the rhytina, is the manatee. In the rhytina, dugong, and manatee the posterior extremities 
or flippers have wholly disappeared (as in the Cetacea), and a swimming tail has taken their place. The general 
appearance of these animals is fish-like, and their mode of swimming \b the same as in the fish, with the difference, 
that the tail \b made to oscillate vertically instead of laterally or from side to side. 

In the restoration of the halitherium the head and anterior extremities or flippers are represented as larger 
than in the rhytina, dugong, and manatee ; and small posterior extremities or flippers which, as stated, are 
wanting in the rhytina, dugong, and manatee, are added. The tail, moreover, is made to differ from the others 
in that it is of an oval pointed form. The idea is to make it a transition or connecting link as between ordinary 
quadrupeds on the one hand, and sea mammals on the other. The suggestion is ingenious, but must be received 
with caution, as we have no proof that the land quadrupeds were the parents and precursors of the sea mammals. 
The evidence, so far as it goes, inclines to the belief that separate creations were required for the production of 
land and water animals respectively. 

Fig. 1. — Shows original drawings and restorations (taking the upper three figures from left to right) of the manatee (Mamiiim 
ameritunus), halitherium (after Murie), dugong {Halirore dugong), and (lower figure) rhytina {Rliytina stelleri). 

Fig. 2. — Dissections of a young manatee, showing the osseous and muscular systems, and the construction of the anterior 
flippers and caudal fin or tail. 

A. The osseous system of the manatee, as seen from the left side. The skeleton of the manatee is remarkable for its great 
elegance, strength, and weight. The vertebral column, which extends from the head to the posterior or free extremity of the tail, 
is strongly and beautifully built, and displays three curves — a cervical, a dorsal, and a caudal. The ribs are strongly arched, and 
the vertebral column and ribs, taken together, convey the idea of great strength and power — an idea fully borne out by the greatly 
developed muscular system, and the large, well-formed, triangular rounded tail, which is elastic, and graduated from its root, where 
it is thickest, to its free margins, where it is thinnest. The posterior half of the vertebral column and the tail are expressly con- 
structed to admit of vertical oscillations when the animal is swimming. The manatee, like other sea mammals, lashes its tail 
altematelv from above downwards and from below upwards. It also confers a certain amount of rotatory twisting movements on 
its tally which is the chief organ of propulsion. The tail acts after the manner of a scull, and produces double curve figure-of-8 
movements. 

B. Transverse section of the posterior portion of the body. Shows the great muscular masses placed symmetrically on either 
aspect of the vertebral column, which confer on the tail its great power and swimming capacity. The muscular masses 
resemble similar masses in the fish, with this difference, that the principal masses are placed above and below the spinal column 
instead of laterally as in the fish ; a modification necessitated by the tail being made to oscillate vertically instead of laterally in 
swimming. 

C. Transverse section of the tail showing that it is graduated from the spinal column or central point where it is thickest 
towards its free margins where it is thinnest. 

D. Superficial dissection of the muscular system of the manatee, as seen from the left side. Shows the great longitudinal and 
oblique muscular masses — the former predominating on the trunk, the latter on the tail portion of the trunk. The arrangement 
of the oblique muscles on the tail portion of the trunk confers on the tail the vertical double curve and twisting sculling move- 
ments which characterise it. In this figure the tail is not shown. The left flipper, however, is represented in its natural position ; 
its dorsal surface being presented to the spectator. The palmar surface of the flipper is seen at G. The flipper is webbed and its 
five digits may be separated and approximated at pleasure. It has a full complement of straight and oblique muscles, and can be 
made to perform^ more or less perfectly, the several movements witnessed in the human arm and hand ; that is, it can be moved 
backwards, forwards, outwards, and inwards. It can also be flexed and extended and made to circumduct, to rotate up to a point, 
and to pronate and supinate within limits. Its movements are, in a sense, universal ; a fact which enables the animal to apply it to 
the water in a flexed or extended condition, with the digits approximated or spiead out, and with its slightly concave flattened surfaces 
inclined at any desired angle. As a balancing and turning organ it is most useful to its possessor. It, however, takes little part 
in swimming ; the real propulsive organ being the tail. The manatee is, on the whole, a sluggish animal, but it has the appliances 
for occasional rapid s ^ imming. 

I had an opportunity of studjring a living adult specimen in the Westminster Aquarium, London, in July 1878, and made out 
the following points regarding its flippers : — 

1. The nippers when in action make figure-of-8 movements. 

2. The up strokes are made upwards and forwards, and the down strokes downwards and backwards. 

3. During the up strokes the flippers are partly flexed and drawn towards the body; the flippers presenting rounded narrow 
oblique cutting edges ; the slightly concave, flattened surfaces being more or less parallel with the body. 

4. During the down strokes, the flippers are partly extended and made to rotate, so that their under, slightly concave 
flattened surfaces are more advantageously applied to the water. 
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5. The angles made by the flippers during the downwards and backwards stroke are, when greatest, something like 45°. The 
angles, however, vary at successive stages of these strokes. 

£. Superior and deep oblique muscles occurring on the ventral or under surface of the posterior third of the body of the manatee, 
which are largely instrumental in conferring twisting, semi-rotatory movements on the tail in swimming. 

F. Ventral view of the oblique lumbo-caudal muscles found on the posterior portion of the body. These muscles, as their 
direction indicates, confer spiral twisting, semi-rotatory movements on the tail when it is made to oscillate vertically in swimming. 

G. Palmar surface of the left flipper or fin. Shows the five digits of the flippers with the membrane or web extending between 
them; also the muscles of the foreann. Compare with the muscles of the left superior human limb in another portion of the work. 
(The figures and dissections in this Plate (clix.) are by Dr. James Murie : the descriptions by the Author.) 

PLATE CLX 

§ 37a Analjrsis of the Swimming Movements of the Walrus, Seal, and Sea-Lion. 

Plate clx. Shows the swimming appliances of the walrus (Trichechiis rosniarus), seal (Phoca vitulina), and 
sea-lion (Otaria). The flippers of the walrus, seal, and sea-lion each display five digits which can be separ- 
ated and brought together at pleasure. A swimming membrane or web extends between the digits, and this 
membrane is alternately put upon the stretch and relaxed during the oscillations of the limbs in swimming. This 
Plate also furnishes admirable dissections of the anterior flippers of the walrus and sea-lion (Figs. 4 and 5). Dis- 
sections of the posterior flippers of the sea-lion and seal are given at Plate clxi.. Figs. 1 and 3. Especial attention 
is directed to the straight and oblique muscles and tendons of the flippers, whereby the flippers are flexed and 
extended and partially rotated ; the flippers being tilted at discretion, and presenting oblique and non-oblique 
surfaces to the water. 

Fio. 1. — Drawing made of a young male walrus, by Mr. Wood from the life. Shows the anterior and posterior flippers in the 
semi-flexed condition when the animal is in a resting attitude. 

Fig. 2. — Dorsal view of the left anterior flipper of the walrus partially flexed, with its five digits very slightly separated, and 
showing the swimming membrane or web between. The numerals indicate the digits (after Murie). 

Fig. 3. — Dorsal view of the right posterior flipper of the walrus with the sole twisted backward as in the act of swimming. 
The flipper from the heel alone appears free. The five digits are spread out, and the membrane or web between them put upon the 
stretch, though not to the full extent. The numerals indicate the digits (after Murie). 

Fig. 4. — Left anterior limb and flipper (dorsal surface) of the walrus dissected to show the muscles of the left shoulder, arm, 
forearm, and hand ; also the tendons of the muscles, and the membrane or web extending between the five digits. The general 
arrangement is virtually that found in the left su]:)erior extremity of man. A study of the straight and oblique muscles and their 
tendons shows how the limb and flipper are flexed and extended, how rotated, tilted, and twisted, and how the digits are separated 
and brought together at pleasure. The limb and flipper are entirely under the control of the animal, and can practically be moved 
in everjr direction. The same is true of the posterior flippers, which, in swimming, are made to oscillate laterally or from side to 
side as in the sea-lion, seal, and fish, and to produce a double curve tigure-of-8 trajectory. The posterior flippers, while executing 
what is virtually a reciprocating sculling motion, rotate slightly in the direction of their length and so add the element of spirality 
to the sculling movements (after Murie : the movements analysed and described by the Author). 

Fio. 5. — Dissection of the left anterior limb and flipper (dorsal surface) of the sea-lion. Shows the same parts as in Fig. 4, 
so that the description of that figure need not l)e repeated. The straight and oblique muscles and their tendons indicate 
their function and tell their own tale, and no finer example of a swimming membrane than that seen in the flipper under 
observation can anywhere be found. The peculiarity in the swimming of the sea-lion, and it is a remarkable one, is that it employs 
its anterior flippers as wings, and literally flies through the water after the manner of the auks and penguins ; its posterior 
flippers taking very little part in the forward movements, and, in many cases, l)eing spread out at right angles to the body and 
acting as a drag for regulating the degree of speed. The anterior flippers of the sea-lion are grarluatod and taper in every direction, 
after the manner of true wings ; being thickest at the roots and along the anterior margins, and thinnest at the tips and along the 
posterior margins. They are endowed with, practically, universality of movement — flexion, extension, abduction, adduction, circum- 
duction, semi-rotation, tilting, twisting, &c. To the other movements are to be added the power of divaricating and approximating 
the digits which alternately increases and diminishes the area of the flippers. As the flippers are exceedingly mobile, flexible 
structures, and can be moved at will in every direction, they give to the sea-lion complete control of the element in which it is 
immersed. The sea-lion flies through the liquid medium with incredible speed ; its movements in the water being as graceful as 
they are laboured and awkward out of it (after Murie). 

Fig. 6. — Hind flippers of the elephant seal, in the unexpanded and expanded conditions. Each flipper displays five digits 
and a swimming membrane or web between them. The diflerence in the area of the flippers in the unexpanded and expanded con- 
dition is very considerable, and indicates the difference in the amount of bite secured in the effective and non-effective portions 
of the strokes when the seal is swimming. (Drawn for the present work by C. Berjeau.) 

PLATE CLXI 

Plate clxi. Shows one of the posterior flippers of the sea-lion, and the osseous and muscular arrangements 
of the seal. 

Fig. 1. — Left posterior flipper of the sea-lion — dorsal aspect. Shows the osseous, muscular, tendinous, and webbed arrange- 
ments of the flipper, and its connection with the pelvis. The jiction of the muscles is indicated by the direction of their muscular 
fibres, and the distribution of their tendons. Due provision is made for the lateral oscillation, flexion, extension, abduction, 
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adduction, drcumduction, semi-rutiktioii, and iiiLTeaae und decrease of tlie web <it the tlippur. Tlie puaterior (lippurs of the sea-lion 
form effBCtive awiinininf; orKans, but thej' are chietly employed us balancers and dra^a for Bteadyinf;, regulating, and slowing the 
forwftrd moveinent acquired by the vigorous Hying movements of the anterior Hipfiers. When used as drags they are placed at 
right aDj^laa to tfao body, and encounter (juite an extraordinary degree of reaiBtancu from the water. The swiramiiig movements of 
tbe MM-bon and leal are fully illustrated in Plate clxti., which see (after Itturie : movements described by thu Author). 

Fig. 2. — Skeleton of the seal. Shows the strung, beautifully curved vertebral column tapering backward ; the slender ribs ; 
the laig« scapula and greatly modified anterior limbs and Hippers; also the curiously shapied pelvis; and the powerful, 
greatly modified, posterior limbs and dippers which are the chief swimming organs. The vertebral culunni and the posterior 
extremities and Hippers of the seal are specialty constructed to admit of the posterior limbs and dippers being lashed from side to 
side in swimming, after the manner of the fish. The niodihcations in the anterior and posterior extremities of the seal are very 
remarkable and deserve very special considemtion and study in their relation to homology and teleology, a, Right scapula ; b, 
humems or arm bone ; c, d, radius and ulna (bones of forearm) ; e, wrist bones ; /, matacarpal bones and digits (band bones) each 
five in number ; g, pelvis or hip bone ; li, femur or thigh bone ; i, j, tibia and fibula (leg bones) ; (, ankle Iwnes ; I, metatarsal bones 
and digits (foot bones) each five in nimtber. (Drawn from a carefully articnlatod skeleton by U. Borjran for the present work.) 
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Fi(i. 3. — The muscular system of the seal. Shows a really admirable dissection of the muscles of the head, neck, and trunk, 
and of the anterior and posterior extremities and Hippors. 

The distribution of the muscles in the limbs and Hippers deserves careful study, as it throws a flood of light on the swimming 
movements of the seal. The muscles of the neck and trunk, as will be seen, converge towards the anterior limb and flipper, and 
the muscles of the shoulder are folded round the scapula (shoulder blade) and root of the limb so as to secure a certain amount of 
circumduction and rotation for it. The elbow, wrist, and finger joints, because of the attachments and direction of the contiguous 
muscles, can be readily flexed and extended, and the digits separated and brought together as required. The limb can also be 
made to move in an upward^ downward, forward, and backward direction. It can likewise be more or less completely pronated and 
supinated. The limb is practically endowed with universality of motion ; a state of matters which enables the seal to seize and let 
go the water, when balancing and turning, with celerity and certainty, whether the water be in a calm or disturbed condition. 
The ease and grace with which the seal balances, turns, and swims are proverbial. 

What is said of the anterior extremities and flippers is equally true of the posterior extremities and flippers. They are 
endowed with similar muscles and movements. The posterior extremities are thrust out of the plicated muscular folds of the 
posterior portion of the body like a straight, amply-bladed oar from the stern of a boat, and, curiously enough, the moTements of 
the oar in sculling are identical with the movements of the posterior extremities and flippers of the seal in swimmiug. An exa- 
mination of the muscles and tendons of the posterior extremities and flippers shows that they are distributed in straight lines 
and obli(juely ; an arrangement which in swimming produces not only the lateral double curve sinuous flgure-of-8 movements, but 
also the rotatory and tilting movements which constitute the sculling motion proper. (Drawn from a carefully dissected specimen 
for the pi-eseut work by C. Borjeau.) 

PLATK CLXII 

Plate clxii. Life studies of the swimming of the sea-lion and seal by the Author, specially drawn for the 
present work by C. Berjeau. 

Nothing can exceed the extraordinary variety, vigour, celerity, and elegance of movements displayed by the 
sea-lion in swimming and diving. It develops with amazing rapidity the most beautiful double curves in its body 
and flippers, and these curves it is incessantly changing. All its movements are sinuous, reciprocating, wave move- 
ments. It is a perfect master of every conceivable kind of aquatic movement. Its anterior extremities and flippers 
are its chief organs of propulsion. These structurally resemble aerial wings, being triangular in shape, elastic, and 
carefully graduated ; that is, they are thickest at the root and along the anterior margin, and thinnest at the 
tips and along the posterior margin. The anterior flippers are bent slightly backwards towards their tips or free 
extremities, in which respect they also resemble aerial wings. Similar wing-like structures are seen in the turtle 
(Fig. 499, p. 11.^9) and also in the penguin (a bird which does not fly in the air but only swims and dives in the 
water (Fig. i, Plate clxiii.), and in the extinct bird-reptile (Plesiosaurus) and the extinct fish-reptile (Ichihyosaurm). 
These anomalous forms are illustrated in Plate clxiii., and have much significance as bearing on the locomotion 
of the sea-lion. The swimming of the seal is quite as graceful and vigorous in its way as that of the sea-lion. It 
is accomplished by the lateral lashing of the posterior extremities and flippers after the manner of the fish — the 
anterior extremities and flippers acting in a subordinate capacity, chiefly in balancing and turning movements. The 
reciprocating wave movements and double curves developed in the swimming of the sea-lion are reproduced in the 
swinmiing of the seal. 

The characteristic difference between the two consists in this — the sea-lion in swimming mainly employs its 
anterior extremities and flipjjers as wings, after the manner of flying birds ; the seal, on the other hand, mainly 
employs its posterior extremities and flippers as caudal fins or tails, after the manner of fishes. 

The muscular power exercised by the fishes, the cetaceans, and the seals in swimming, is conserved to a 
remarkable extent by the momentum which the body rapidly acquires — the velocity attained by the mass diminishing 
the degree of exertion required in the individual or integral parts. This holds true of all animab, whether they 
move on the land or on or in the water or air. 

In order to grasp the central idea in the swimming and diving of the sea-lion and of the other itnitna-U refeired 
to, it is necessary to say a few words regarding the structure and movements of wings proper. All wingB are 
similarly formed and similarly applied to the air. They are all triangular in shape, slightly conoavo-convex, elastic, 
and taper from the root towards the tip, and from the anterior towards the posterior margin. They ate thickest 
at the root and along the anterior margin and thinnest at the tip and along the posterior margin. Artifidal win^ 
on the above i)attern can readily be constructed by the aid of tA[)ering bamboo canes, ribbon-steel, and nlk, cambric, 
buckram, or other light covering material. The tapering bamboos and ribbon-steel are made to radiate from the 
root outwards and backwards — the backwards radiation being least at the tip and greatest towards the root. A 
wing so constructed, as I showed in 1807, 1870, and subsequently, if held in the right hand with its anterior 
thick margin directed to the left and its flat surface towards the earth and made to vibrate in a vertical direction, 
immediately darts forward to the left in a series of horizontal undulations or curves ; it describes a horizontal 
waved trajectory in the air. If the wing has its anterior thick margin elevated, so that its under surface makes an 
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angle of 45° with the horizon and the wing be made to vibrate in a vertical direction, it immediately darts upwards 
and forwards (to the left) in a series of oblique upward undulations or curves. Finally, if the wing have its anterior 
thick margin directed vertically upwards, and be made to vibrate in a horizontal direction, it immediately darts 
upwards in a series of vertical undulations or curves. If, on the contrary, the anterior thick margin of the wing 
be depressed instead of elevated, all the movements in question are reversed. 

The forward movement of the wing in a horizontal, oblique, and vertical direction is due to the fact that 
it is elastic in all its parts and yields readily to atmospheric resistance (especially at its tip and along its posterior 
margin) when the wing is made to oscillate vertically, and it is brought violently in contact with the air. 

Thus, when the anterior thick margin of the wing is slightly raised and the wing is suddenly elevated in a 
vertical direction, the posterior thin margin yields in a downward direction in virtue of the resistance experience! 
by its upper surface from the superimposed air. The wing, under these circumstances, darts upwards and forwards 
in a ciu-ve. When the wing held in the same position is suddenly depressed in a vertical direction, its posterior 
thin margin yields in an upward direction because of the resistance experienced by its under surface from the nether 
air. In this case, the wing darts downwards and forwards in a curve. When the upward and downward curves 
made by the wing during the up and down strokes are united, as they always are, by the running or gliding of the 
up and down strokes into each other, a waved-trajectory is the result ; this trajectory representing continuous flight. 
What is here stated of the wing with its anterior thick margin slightly raised and the upward and downward 
vertical strokes is true of it in all its other positions, that is, when the angle made by the wing with the horizon 
is increased and the strokes are delivered more and more obliquely until the thick margin of the wing is direct^ 
vertically upwards and the strokes are horizontal. These experiments, fully described and figured by me in 1867 
and 1870, conclusively prove that the wing is essentially a propeller, but that it propels and also elevates and 
sustains when the axis of the body of the insect, bird, and bat, and the axis of the under surface of their wings, 
are inclined at various upward angles, kite-fashion, to meet new and ever changing conditions. I further explained, 
at the dates referred to, that the caudal or tail fin of the fish has a common structure with the wing, and is 
likewise a propeller, and that it can propel the fish in a series of undulations or curves in a horizontal direction, 
or in an oblique upward, downward, or lateral direction ; the course being determined by the direction assumed 
by the root, or thick and more unyielding portion, of the tail for the time being. The wing and the fish tail obviously 
act on a common principle. 

A factor of great importance in the experiments and observations just alluded to is the relative weight of 
the swimming and flying animals to the water and air respectively. In the case of the fish and sea mammals, 
which navigate the water, their bodies are very nearly of the same specific gravity as that medium. In the case of 
insects, birds, and bats, which navigate the air, their bodies are immensely heavier than the medium which floats them 
and affords them support. As a consequence, the fish and the sea mammals, such as the porpoise, whale, walrus, 
seal, and sea-lion, have only to change the long axis of their bodies and the inclination of their swimming organs 
in order to swim in a horizontal, upward, downward, or lateral direction. The mere change of the axis of the body 
and of the angle of inclination of the swimming organs sufiices to ensure swimming, diving, and flying in the water 
in any of the directions indicated. It is therefore no metaphor to say, in the case of the sea-lion, that the animal flies 
in the water in a horizontal, upwards, downwards, or lateral direction at pleasure. If the head, neck, trunk, and 
anterior and posterior extremities and flippers of the sea-lion occupy a position parallel to the surface of the water, 
the animal flies in a horizontal direction. If, on the other hand, the long axis of the body and the angle of 
inclination of the parts in question be directed upwards, the animal flies upwards. If, finally, the axis and angle 
of inclination be directed downwards, the animal flies downwards. To this there is no exception. 

Precisely the same thing happens in the swimming and diving of the penguin figured in Plate clxiii. 

In the case of insects, birds, and bats, which have constantly to contend with gravitation, which relentlessly 
pulls them downwards, the axis of the body and the upward angles of inclination of the under surfaces of the wings 
are considerably increased. As a consequence, the down strokes of the wings are not delivered vertically down- 
wards, but downwards and forvxirds, as I showed more than thirty years ago. According to old ideas the wings 
struck either vertically downtmrds or downwards and backwards, and so pushed the body of the volant animal 
upwards and forwards. As a matter of fact, and, as proved again and again by instantaneous photographs of flying 
birds, the wings strike downwards and forwards and pull the body forwards. The result s the same, but the modut 
ojjerandi is wholly different. 

In a volant animal (which is a body in motion) the wings must be kept in advance of the body to afford it 
the necessary degree of support. A body in forward motion in the air does not tend to fall vertically downwards, 
and, still less, downwards and backwards. On the contrary, it falls, or tends to fall, downwards and forwards in a 
curve, and the wings must be placed in advance of the body with their under surfaces arranged at certain upwaid 
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angles after the manner of kites to afford the greatest possible support. Swimming, diving, and fi)ring are largely 
mechanical problems, but they are not wholly so, and all living animals which resort to these forms of locomotion 
are constantly putting forth voluntary efforts. In other words, swimming and flying animals regulate and control 
all their movements whether great or small. Questions of balance, pressure, resistance, speed, direction, buoyancy, &c., 
are constantly cropping up and require to be instantly solved if a pending catastrophe is to be averted. As regards 
flying, it is commonly believed that it is a mere question of levity and power. There can be no greater mistake 
than this. Flight can only be achieved when all the mechanical conditions are satisfied, and when the weight and 
power are perfectly adjusted and the various forces at work intelligently and voluntarily controlled. Flight is no 
random or accidental problem. On the contrary, it forms the Qordian knot of the most advanced physics and 
applied mathematics. Flight can only be accomplished by availing ourselves of the law and order which everywhere 
prevail in the universe, inanimate and animate. It is a means to ends, and, as such, implies Design of the highest 
possible order. 

From what has been stated it will be evident that the flying of the sea-lion figured in the present Plate (clxii.), 
and of the penguin and extinct animals figured in Plate clxiii., have much in common with each other. They have 
also much in common with the flight of insects, birds, and bats, and with the swimming of the fish, seal, walrus, &c. 

In Fig. 1 of Plate clxii., the lower sea-lion to the right is flying downwards; the lower sea-lion to the left 
flying upwards. The upper sea-lion to the right, with its posterior extremities and flippers spread out at right angles 
to the body, is slowing and arresting its forward movement. The two upper sea-lions on the rocks to the left show 
the characteristic attitudes and movements of the animals on land. 

Fig. 2 of Plate clxii. illustrates life studies of the swinmiing of the seal by the Author, specially drawn for the 
present work by C. Berjeau. 

The swimming of the seal in all respects resembles that of the fish already described, that is, it is effected by 
the vigorous lateral lashing and twisting figure-of-8 fashion of the posterior extremities and flippers. The anatomy 
of the posterior extremities and flippers is given at Fig. 3 of Plate clxi. In this figure dissections are also given 
of the anterior extremities and flippers. The figure in question (3) and its description illustrate the more important 
points not only in the anatomy but also in the phjnsiology of the swimming organs of the seal. 

Fig. 2 of Plate clxii. shows the seal in several characteristic attitudes. The lower seal on the right is seen 
immersed and swimming fish-fashion. The lower seal to the left is scrambling up the rocks by means of its flippers 
and the wave-movements of its body. The seal in the middle has gained a flat shelving rock and is hobbling 
forward on its ventral surface by its anterior flippers and sinuous body movements ; the posterior flippers being 
high in air. The double curve movements made by the body of the seal in swimming are indicated in the figure to 
the left, and are well seen in young lean seals. I witnessed them to perfection in a young underfed seal at the 
aquarium in Zurich several years ago, and was much impressed by the wonderful agility and grace displayed by 
the animal in its watery element. Every movement revealed new double-curve lines of beauty, and these followed 
each other so rapidly that the spectator had barely time to note and analyse them. It has only to be added that 
the seal swims with equal facility on its ventral and dorsal surfaces. 

§ 371. The Swimming of the Penguin. 

The swimming and diving of the penguin are full of interest to all students of natural history and animal 
locomotion (Plate clxiii.). This active bird floats deeply in the water, and, when not diving, propels itself along 
its surface by the aid of its powerful webbed swimming feet. It dives and flies under the water by means of its 
small modified wings, which are covered with very minute feathers ; the latter being of no use whatever in flying 
in the air. While the wings of the penguin are too small to accomplish aerial flight, they are genuine wings as 
regards their shape and structure, that is, they are triangular, elastic, and carefully graduated organs ; being thickest 
at the roots and along the anterior margins, and thinnest at the tips and along the posterior margins. Like aerial 
wings, they 3rield in every direction, especially along their posterior margins, under pressure. When the penguin 
dives preparatory to flying under the water, it makes a little upward and then a downward leap to get under the 
surface. When submerged its wings are moved with incredible rapidity. It flies in a downward, upward, horizontal, 
and lateral direction with equal precision and certainty. When the long axis of the body and the angles of inclina- 
tion of the wings are directed downwards, the bird flies downwards ; when these conditions are reversed it flies upwards. 
When the long axis of the body and angles of inclination of the wings are parallel with the surface of the water, 
it flies in a horizontal direction. The bird turns to right or left by tilting its body and wings laterally, or by the 
unequal pressure of the latter. It moves with the greatest adroitness and ease in whichever direction it pleases. 
It is a rare treat to watch the penguin swimming, diving, and flying in roomy tanks in large aquariums, or 
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what is still better, to study its tactics from a coign of vantage through a powerful field-glass in some land- 
locked bay. 

The penguin has perfect control over its small, aborted, and yet most effective wings. At times it twists and 
untwists them screw fashion, and emplo)rs them as reversing, reciprocating organs as sho¥m at Fig. 6 of Plate cliii., 
p. 1148. 

The following is an abstract from my notes of the swimming and diving of a penguin, as witnessed by me at 
the Zoological Gardens, Liondon, on the 1 1th of July, 1880 : — 

1. The bird swims very deeply ; so much so that its aborted wings or flippers are submerged. 

2. The flippers are directed backwards, and it is in this direction that the effective stroke is delivered. 

3. The concave or ventral surface of the flipper is presented to the water during the effective stroke ; the flipper 
being slightly twisted upon itself for the purpose. 

4. When the effective stroke is being made, the anterior or thick margin of the flipper is directed slightly down- 
wards. This happens in horizontal flight. 

5. When the bird flies downwards, the head and body are directed downwards and the effective stroke is 
delivered downwards and backwards. 

6. When the bird flies upwards, the head and body are directed upwards and the effective stroke is delivered 
downwards and forwards. 

7. The flipper distinctly acts as a flexible screw when making the effective and non-effective strokes. 

8. The flipper before making the effective stroke is at right angles to the body and moves towards the body 
when the effective stroke is given. 

9. The angles made by the under surface of the flipper change at every stage of the effective and non-effective 
strokes. 

10. The action of the flippers in the water precisely resembles that of the flippers of the sea-lion. 

11. The penguin being deeply submerged when swimming, and its flippers also, the bird can propel itself 
horizontally along the surface of the water by keeping its body in a horizontal position. If it wishes to dive or 
fly imder the water, it has simply to tilt its body in a downward direction. This act submerges the bird. If it 
wishes to regain the surface of the water, the body is tilted in an upward direction. 

In swimming and diving, the action of the flippers is the same. 

12. In diving, the feet are tucked up beneath, and seem to form part of the tail of the bird (Plate clxiii., Fig. 1). 
The guillemots in diving do not use their feet ; so that they literally fly under the water. Their wings for 

this purpose are reduced to the smallest possible dimensions consistent with flight. The loons, on the other hand, 
while they employ their feet, rarely, if ever, use their wings. 

Mr. Macgillivray thus describes a flock of red mergansers which he observed pursuing sand-eels in one of the 
shallow sandy bays of the Outer Hebrides : " The birds seemed to move under the water with almost as much 
velocity as in the air, and often rose to breathe at a distance of 200 yards from the spot at which they had 
dived." ^ 

The swimming, diving, and flying movements of the king penguin are depicted at Fig. 1 of Plate clxiii., which 
follows. At Figs. 2 and 3 of Plate clxiii., the swimming of the extinct bird-like and fish-like reptiles — ^the 
plesiosaurus and ichthyosaurus — as restored by the Author, are depicted with great spirit by C. Berjeau. 

PLATE CLXIII 

Plate clxiii. Life studies of the swimming and diving of the king penguin {Aptenodytes Jongiro^ris) and post 
life studies of the plesiosaurus (P, dolichodeirm\ and ichthyosaurus (/. communis) by the Author, specially drawn 
for the present work by CJ. Berjeau. 

Fi(}. 1. — Life study by the Author of the swinnniii^ and diving or nither Hying of the king penguin {Aptetwdytes longiro^rU), 
specially drawn for the present work by C l^rjeau. 

The penguin seen to the right of the figure is Mying upwurds : tliat at the left is flying downwards : that in the middle has 
just regained the surface of the water. 

Fio. 2. — Study and restoration by the Author an<l ('. Horjeiiu of the extinct bird-like reptile, the pleaiosauras (PUiioMinrus 
dulichodeirus). This most extr^)rdinary looking croutun; in chanurtiM-iHud by a huuiII bird-like head, teeth resembling those of the 
crocodile, swan neck, an elongated oval l)ody, and four paddbm, tlipporH, or wing-like structures, namely, two anterior and two 
posterior. The four flippers are structurally true wingH ; that \h, iUay aro triangular in shape, elastic, and graduated ; bein^ 
thickest at the roots and along the anterior niargiiiH, uml thininmt at thr tips and along the posterior margins. The animal, wbicn 
was an air breather, is supposed to have lived in Htmllnw hi'uh and (mtnarioN and nuiHt hav(> Inion a powerful swimmer. Its flippers 

1 ' • I I i ^ I . . • t . . « I '.••••. I . M • • . I . "... I . . . I W 



THE SWIMMING OF THE PENGUIN 

PL4TE CLXIU 



1187 




•I 





ii88 DESIGN IN NATURE 

PLATE CLXIIl (continued) 

or pseudo-wings may not inaptly be compared to the wings of a dragon-fly. The dragon-fly, as is well known, has four Iom narrow 
wings placed at right angles to its body. It is the swiftest of all the insects, and hunts and captures other insects for foodi. It can 
readily outfly the swallow, as I can personally testify from observation, and the only bird known to capture it is a small Bulgarian 
hawk. 

There can be little doubt that the plesiosaurus could dive and fly through the water with great rapidity. Its general shape 
and that of its flippers or win^s lead inevitably to this conclusion. It is very interesting to contrast the swim m i ng or flying 
flippers of the plesiosaurus witn the corresponding organs of the ichthyosaurus, sea-lion, penguin, shark, and certain old world 
fishes. 

The skeleton of the plesiosaurus is seen at Plate clxiv., Fig. 2. 

Fig. 3.— Study and restoration by the Author and C. Berjeau of the extinct reptile-like fish, the ichthyoaaums (lehikjfotaimu 
vommunis). 

This cadaverous looking animal, which measured over twenty feet in length, has a large reptilian head with pronineDt ttaring 
eyes, a fish-like body, a long taperine tail, believed, till lately, to have had no caudal fin ; and Iwir paddlea, flippan or fim — ^tvo 
anterior, and two posterior. Its food consisted of fish and small reptiles. 

The flippers or fins resemble those of the plesiosaurus, but they are considerably smaller in siae although ihey bftve the nine 
structure, and were doubtless useful in paddling the animal forwards. The chief organ of propulsion in the ichthyoflMiniaMm the 
crocodile and fish was the long, powerful, tapering tail. From recent finds of the remains of the iobthyosauruB, espadallj hiipret- 
sions of the skin and soft parts, there are grounds for believing that this striking old world form was pnnridea with what is 
practically a ridge of dorsal fins and a heterocercal tail, as indicated by the restoration given in Fig. 5, Plate olxiv., by the Author 
and C. Berjeau. 

The skeleton of the ichthyosaurus and one of its paddles or flippers are given at Fi^s. 3 and 4 of Plate dxiv. 

The belief is that the plesiosaurus and ichthyosaurus were air-breathers like the existing Getaoea, examples of which are to be 
found in the whale and porpoise. 

PLATE CLXIV 

Plate clxiv. Illustrates some very interesting old world forms. It gives restorations by the Author and 
C. Berjeau of the extinct bird-like and fish-like reptiles — the plesiosaurus (Plesiosaurus dolichodeirus) and ichthyo- 
saurus (Ichthyosaurus cotnmunis) ; the plesiosaurus attaining to eighteen or twenty feet in length ; the ichthyosaurus, 
in some cases, measuring as much as twenty -four feet and upwards. It also shows the fine skeletons of those 
voracious antediluvian types as restored by Conybeare and Cuvier. Lastly, it gives a restoration by H. Wood- 
ward, F.R.S., F.6.S., of the seraphim (Pterygotus anglicus), a huge extinct crustacean found in the Lower Old Red 
Sandstone of Perthshire and Forfarshire, Scotland. This great crustacean, called by the Scottish quarrymen the 
'' seraphim," from the wing-like form and feather-like ornament of the thoracic appendages, measured from five 
to six feet in length, and more than one foot across. The two biggest existing crostaceans are the IfMckus koepferi 
(De Haan), a brachyurous or short-tailed orab from Japan — the forearm measuring four feet, the limbs collectively 
having a spread of twenty-five square feet ; and the Limulus moluccanus, the great king crab of China and the 
Eastern seas, which, when full grown, measures one foot and a half across its carapace, and is three feet in length. 

Fio. 1.— Restoration by the Author and C. Berjeau of the plesiosaurus (Plenosaurus doltekodeirus) as seen on land with its 
Hippers, fins, or pseudo-wings spread out. In this position the flippers greatly resemble those of the sea-lion. Ab already stated 
the plesiosaurus is supposed to have been an air-breather. 

The Hippers are, to all intents and purposes, wings structurally and functionally ; that is, they are triangular in shape, elastic, 
thickest at the roots and along the anterior margins, and thinnest at the tips and along the posterior mai^;in8. They resemble the 
flippers of the sea-lion and the wings of the penguin, and were doubtless powerful propellers. The bones of the flippers are seen at 
Fig. 2. 

Fig. 2. — Representation of the beautiful skeleton of plesiosaurus as restored by Conybeare and Cuvier. 

The peculiarities of the skeleton consist in the small bird-like head, the curved elegant vertebral column, the slender continuotu 
and floating ribs, the l>oat-8haped sternum or breast bone, the curiously modified anterior and posterior extremities and flippers, 
and their connections with the trunk of the skeleton. 

The extremities and flippers are formed on the ordinary vertebrate type, inasmuch as each of the two anterior ones consists of a 
humerus or arm-bone, a radius and ulna (forearm), a wrist, and five digits ; the digits being composed of a large number <^ small 
oblong bones which diminish in sise as the tip of the flipper is reached. The two posterior extremities and flippers, in like manner, 
consist each of a femur or thigh bone, a tibia and fibula (leg), an ankle, and five toes composed of a multiplicity of small oblong 
bones which taper and become thinner as the tip of the flipper is approached. The bones of the superior and imerior extremities 
and flippers, where united to the body, are provided with loose rounded ball-and-socket joints ; an arrangement which oonfers on 
the extremities and flippers what is virtually universality of motion, similar to what obtains in the wings oi birds. 

The anterior and posterior extremities and flippers or pseudo-wings of the plesiosaurus are out-riggers, after a fashion, as they 
are kept well away from the body by the shoulder girdles on the one hand, and the pelvic bones on the other. 

Fi<;. 3.— Flipper of the ichthyosaurus as figured by Professor Owen from a specimen in which not only the bones but also the 
skin and soft parts of the margins of the flipper were fossilised. The flipper is composed of five rows of small slightly elongated 
hexagonal bones arranged transversely — each row consisting of fifteen or more bones. The bones of each row fit accurately into 
each other and form a characteristic pattern. The margins of the flipper were obviously composed of skin, fibrous tissue, and 
gristle. The flipper was triangular in shape, elastic, and carefully graduated ; being thickest at the root and akmg the anterior 
margin (a, /;, r), and thinnest along the posterior margin , and at the tip ((/, e, f). It was, therefore, a wing-hke structure, and 
resembled anatomically and physiologically the flippers of the plesiosaurus, sea- lion, penguin, and other animals which fly through 
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the water. Its size, however, when compared with the size of the body, was small, so that the animal must have relied chiefly on 
its tail as the organ of propulsion. 

Fio. 4. — Skeleton of the ichthyosaurus as restored by Conybeare and Cuvier. The skeleton is very remarkable for its large reptile- 
like head, with huge eyes in bony shields, formidable teeth proclaiming it a carnivore, its well knit vertebral column tapering lack- 
wards with well developed closely set spinous processes, its rather thin numerous continuous and floating ribs which give it a pauncby 
rotimd appearance, its shoulder girdles^ pelvic bones, and greatly modified anterior and posterior extremities terminating in digits. 

The anterior and posterior extremities and flippers, while considerably altered in general shape, conform, in the main, to the 
vertebral type as in the case of the plesiosaurus already described (Fig. 2). 

The construction of the flippers has been explained under Fig. 3. 

The flippers were most probably employed in paddling leisurely along, and in balancing and turning — rapid swimming being 
secured by the lashing movements of the greatly elongated tail. If the tail, as the latest fossil remains all but prove, was fumiihed 
with a caudal fin, its natatory powers must have b^n very great, and it would be equally as formidable as a swimmer and as a 
beast of prey. 

Fig. 5.— Recent restoration of the ichthyosaurus by the Author and C. Berjeau, in which this old world predatory animal is 
provided with one large well formed and several irregularly-shaped dorsal fins, and a heterocercal caudal or tail fin in addition to 
its anterior and posterior extremities and flippers. The swimming appliances of the animal are thus greatly increased, and its 
powers of capturing food much augmented. A large predatory animal like the ichthyosaurus must have required a very ample 
food supplv, and every addition to its swimming power must have been a distinct advantage. In this respect it should be classed 
with the snarks, which are among the most voracious and swiftest of all known fishes. 

Fio. 6. — Ventral aspect of the great crustacean commonly known as the ''seraphim '* {Pteri/tfotiu anglinu) found in Forfarshire, 
Scotland, as restored by H. Woodward. This remarkable extinct form, as already indicated, measured from five to six feet in length 
and more than one foot in breadth. 

It consisted of the following parts : — a, ri. Carapace with large sessile eyes ; h, the post oral plate {metadoma) serving as a lower 
lip ; r, r, chelate appendages (antennuks) ; d, first pair of simple palpi {antennxY; e, second pair ditto (mandtfdes) ; /, third pair ditto 
(first nui^lla) ; g, pair of swimming feet with broad basal joints ; their serrated edges acting as maxilUe ; h, thoracic plate covering 
the first two thoracic segments (Figs. 1, 2, and dotted line) ; 1 to 6, thoracic segments ; 7 to 12, abdominal segments ; 13, telsonor 
tail-plate. 

The swimming feet (rjf, g) when compared with the size of the animal are small. Its speed, if it relied exclusively on them, coald 
not, consequently, have been great. It is just possible that it used its telson or tail-plate also in swimming. In escaping from 
enemies it may even have swum tail first as is the case in the lobster. Its jointed body and powerful muscular system lend counte- 
nance to such a belief. (Vide the swimming of the lobster as described under Figs. 1 to 6, Plate cliv., p. 1161.) 

§ 372. Flight under Water— Diflference between Subaqueous and Aerial Flight. 

In birds which fly indiscriminately above and beneath the water, the wing is provided with stiff featheis, and 
reduced to a minimum as regards size. In subaqueous flight the wings may act by themselves, as in the guillemots, 
or in conjunction with the feet, as in the grebes. To convert the wing into a powerful oar for swimming, it is only 
necessary to extend and flex it in a slightly backward direction, the mere act of extension causing the feathers to 
roll down, and giving to the back of the wing, which in this case conmiunicates the more effective stroke, the angle 
or obliquity necessary for sending the animal forward. This angle, I may observe, corresponds ¥dth that made by 
the foot during extension, so that, if the feet and wings are both employed, they act in harmony. K proof were 
wanting that it is the back or convex surface of the wing which gives the more effective stroke in subaquatic flight, 
it would be foimd in the fact that in the penguin and great auk, which are totally incapable of flying out of the 
water, the wing is actually twisted roimd in order that the concave surface, which takes a better hold of the water, 
may be directed backwards.^ The thick margin of the wing when giving the effective stroke is turned downwards, 
as happens in the flippers of the sea-lion, walrus, and turtle. This, I need scarcely remark, is precisely the reverse 
of what occurs in the ordinary wing in aerial flight. In those extraordinary birds (great auk and penguin) the 
wing is covered with short, bristly-looking feathers, and is a mere rudiment and semi-rigid ; the movement which 
wields it emanating, for the most part, from the shoulder, where the articulation partakes of the nature of a univeisal 
joint. The wing is beautifidly twisted upon itself, and when it is elevated and advanced, it rolls up from the side 
of the bird at varying degrees of obliquity, till it makes a right angle with the body, when it presents a nofrrnc 
or ciUting edge to the water. The wing when fully extended, as in ordinary flight, makes, on the contrary, an angle 
of something like 30° with the horizon. When the wing is depressed and carried backwards, the angles which its 
under surface make with the surface of the water are gradually increased. The wing of the penguin and auk 
propels both when it is elevated and depressed. It acts very much after the manner of a screw ; and this, as I shall 
endeavour to show, holds true likewise of the wing adapted for aerial flight. 

The difference between subaquatic flight or diving, and flight proper, may be briefly stated. In aerial flight, 
the most effective stroke is delivered dmvntvards and forwards by the under, concave, or biting surbtce of the wing 
which is turned in this direction ; the less effective stroke being delivered in an upward and forward direction by 

' In thf 8wiinniiiig of the croc(Klil«', turtle, tritoii. and fro"^, the concave surfaces of the feet of the anterior extremities are likewise tonifd 



FLIGHT UNDER WATER 1191 

the upper, convex, or non-biting surface of the wing. In subaquatic flight, on the contrary, the most effective stroke 
is delivered doumwards and backwards, the least effective one upwards and forwards. In aerial flight the long axis 
of the body of the bird and the short axis of the wings are inclined slightly upwards, and make a forward angle 
with the horizon. In subaquatic flight the long axis of the body of the bird and the short axis of the wings are 
inclined slightly downwards and make a backward angle with the surface of the water. The wing acts more or less 
eflSciently in every direction, as the tail of the fish does. The difference noted in the direction of the down stroke 
in flying and diving, is rendered imperative by the fact that a bird which flies in the air is heavier than the 
medium it navigates, and must be supported by the wings ; whereas a bird which flies under the water or dives 
is lighter than the water, and must force itself into it to prevent its being buoyed up to the surface. However 
paradoxical it may seem, weight is necessary to aerial flight, and levUy to subaquatic flight. A bird destined to 
fly above the water is provided with travelling surfaces, so fashioned and so applied (they strike from abovcy doum- 
wards and forwards), that if it was lighter than the air, they would carry it off into space without the possibility 
of a return ; in other words, the action of the wings would carry the bird obliquely upwards, and render it quite 
incapable of flying either in a horizontal or a downward direction. In the same way, if a bird destined to fly under 
the water (auk and penguin) was not lighter than the water, such is the conflgiiration and mode of applying its 
travelling surfaces (they strike from above, downwards and backwards), they would carry it in the direction of the 
bottom without any chance of return to the surface. In aerial flight, weight is the power which nature has placed 
at the disposal of the bird for regulating its altitude and horizontal movements, a cessation of the play of its wings, 
aided by the inertia of its trimk, enabling the bird to approach the earth. In subaquatic flight, levity is a power 
furnished for a similar but opposite purpose ; this, combined with the partial slowing or stopping of the wings and 
feet, enabling the diving bird to regain the surface at any moment. Levity and weight are auxiliary forces, but 
they are necessary forces when the habits of the aerial and aquatic birds and the form and mode of applying their 
travelling surfaces are taken into account. If the aerial flying bird was lighter than the air, its wings would require 
to be twisted round to resemble the diving wings of the penguin and auk. If, on the other hand, the diving bird 
(penguin or auk) was heavier than the water, its wings would require to resemble aerial wings, and they would 
require to strike in an opposite direction to that in which they strike normally. From this it follows that weight 
is necessary to the bird (as at present constructed) destined to navigate the air, and levity to that destined to 
navigate the water. If a bird was made very large and very light, it is obvious that the diving force at its 
disposal would be inadequate to submerge it. If, again, it was made very small and very heavy, it is equally plain 
that it could not fly. Nature, however, has struck the just balance ; she has made the diving bird, which flies 
under the water, relatively much heavier than the bird which flies in the air, and has curtailed the travelling 
surfaces of the former, while she has increased those of the latter. For the same reason, she has furnished the diving 
bird with a certain degree of buoyancy, and the flying bird with a certain amount of weight — levity tending to 
bring the one to the surface of the water, weight the other to the surface of the earth, which is the normal position of 
rest for both. The action of the subaquatic or diving wing of the king penguin is well seen at Plate clxiii., Fig. 1. 

From what has been stated it will be evident that the wing acts very differently in and out of the water ; and 
this is a point deserving of attention, the more especially as it seems to have hitherto escaped observation. In 
the water the wing, when most effective, strikes downwards and backwards, and acts as an auxiliary of the foot ; 
whereas in the air it strikes downwards and forwards. The oblique surfaces, spiral or otherwise, presented by animals 
to the water and air are therefore made to act in opposite directions, as far as the down strokes are concerned. 
This is owing to the greater density of the water as compared with the air, — the former supporting or nearly 
supporting the animal moving upon or in it ; the latter permitting the creature to fall through it in a downward 
direction during the ascent of the wing. To counteract the tendency of the bird in motion to fall downwards and 
forwards, the down stroke is delivered in this direction ; the kite-like action of the wing, and the rapidity with 
which it is moved, causing the mass of the bird to pursue a more or less horizontal course. I offer this explanation 
of the action of the wing in and out of the water after repeated and careful observation of tame and wild birds, 
and, as I am aware, in opposition to all previous writers on the subject. 

The rudimentary wings or paddles of the penguin (the movements of which I had an opportunity of studying 
in a tame specimen) are principally employed in swimming and diving. The feet, which are of moderate size and 
strongly webbed, are occasionally used as auxiliaries. There is this difference between the movements of the wings 
and feet of this most curious bird, and it is worthy of attention The wings act together, or synchronously, as in 
flying birds ; the feet, on the other hand, are moved alternately. The wings are wielded with great energy, and, 
because of their semi-rigid condition, are incapable of expansion. They therefore present their maximum and 
minimum of surface by a partial rotation or tilting of the pinion, as in the walrus, sea-lion, and turtle. The feet, 
which are moved with less vigour, are, on the contrary, rotated or tilted to a very slight extent, the increase and 
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diminution of surface being secured by the opening and dosing of the membranous expansion or web between ike 
toes. In this latter respect they bear a certain analogy to the feet of the seal, the toes of which, as has been 
explained, spread out or divaricate during extension, and the reveise. The feet of the penguin entirely difier from 
those of the seal, in being worked separately, the foot of one side being flexed or drawn towards the body, while 

ito fellow is being extended or pushed away from it. The 
feet, moreover, describe definite curves id opposite direc- 
tions, the right foot proceeduig from within outwardB. 
and from above downwards during extension, or when 
it is fully expanded and giving the effective stroke ; the 
left one, which is moving at the same time, proceeding 
from without inwards and from below upwards during 
flexion, or when it is folded up, as happens during the 
back stroke. In the act« of extension and flexion the 
legs are slightly rotated, and the feet more or lees tilted. 
The same movements are Been in the feet of tiie swan, 
and in those of swimming birds generally. The curves 
formed by the feet during extension and flexion prodow. 
when united in the act of swimming, waved lines, Hate 
Intemting w«wre u wUpwd both for srimminK ««! flyiug. TT.e constitutine a chart for the movements of the extremititt 
»wnniniug-t«il IB wiueeeiueiitly retained, and the jieptorftl iin«. which """""•"» ""B ■• ■-'»•"■' 
... __ _._ _ _ , J ;_ _:_. ,.i. ....v... j,f awimming birds. 

There is consequently an obvious analogy between tix 

between the walking of man and the walking of the quadruped ; 

1 seal ; between the swimming 




panded e 



act as wings, am enumioualy lucreaaed in ^w (the Author). 



swimming of birds and the walking of i 

between the walking of the quadruped and the swimming of the walrus, 1 

of the seal, whale, dugong, manatee, and porpoise, and that of the fish ; and between the swimming of the fish and 

the flying of the insect, bat, and bird. 

The animals which furnish the connecting link between the water and the air are the diving-birds on the one 
hand, and the flying-fishes on the other, — the former using their wings for flying above an dthrougb the water, 
n demands; the latter sustaining them- 
I for considerable intervals in the air by 

B of their enormous pectoral fins. ff 



S 373. The Flight of the Flying-fish; the 
Kite-like Action of the Wings, &c. 



Whether the flying-fish uses its greatly ex- 
panded pectoral fins as a bird its wings, or only 
as kite -parachutes, ha^ not, so far as I am 
aware, been determined by actual observation. 
Most observers are of opinion that these singular 
creatures glide up the wind, and do not beat it 
after the manner of birds ; bo that their flight 
(or rather leap) is indicated by the arc of a 
circle, the sea supplying the chord. I have 




Frn. 501.— Wing of flying-tUh expand*^ »nd ilightl; enlMged. a. b. 



carefully examined the structure, relations, and "nrKi" "f «i"K laiieriiig from the root (a) in the dif«ction of the tip (c) ; rf, *,/. 

, ,, „ , .' i> J • iiciHti'riiir iiiarinii uf wiiiu tauenug from l>eron: backwaida ; g, root of wing wbttt il 

action of those hns, and am satisfaed m my own |„ attaihwl to the body. The uwringw produced by the spUttinK op of Qieelaitic 

mind that thev act as true nin ions, after the >i"l«Uu™ of the wing from within outward* and from before hMkwanU (Drami 



n by C. Berjeau.) 



mind that they act as true pinions, after the »"biiUu™ of the wing fi 
manner of gliders, within limits, their inade- 
quate dimensions and limited range alone ))reventiug them from sustaining the fish in the air for considerable 
periods. When the fins are fully Hexc<l, as hapjienH when the flsh is swimming, they are arranged along the 
sides of the body ; but when it takes to the air, they an^ raised above the body and make a certain angle with it. 
In being raised they are likewise ini^lined forwunls am] outwards, the fins rotating on their long axis imtil tber 
make an angle of something; like -tO" with //w luirizim tliis being, as nearly as I can determine, the greatest angle 
made by the wings during the down stroke in tlie llijtlit of iiutectA and birds. 

The pectoral fins, or peeudo-winfp of the flyiiig-littli. likt- nil nther wingn. act after the manner of kites — the angles 
of inclination which their under surfaces make willi Hie Imrlzon varying aceonling to the degree of extenoion, the 
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speed acquired, and the pressure to which they are subjected by being carried against the air. When the fljdng- 
fish, after a preliminary rush through the water (in which it acquires initial velocity), throws itself into the air, 
it is supported and carried forwards by the kite-like action of its pinions — ^this action being identical with that 
of the boy's kite when the boy runs, and by pulling upon the string causes the kite to glide upwards and forwards. 
In the case of the boy's kite a pulling force is applied to the kite in front. In the case of the flying-fish (and 
everything which flies) a similar force is applied from above and behind to the kites formed by the wings by the 
weight of the flying mass, which always tends to fall vertically downwards. Weight supplies a motor power in 
flight similar to that supplied by the leads in a clock. In the case of the boy's kite, the hand of the operator 
famishes the power ; in flight, a large proportion of the power is furnished by the weight of the body of the flying 
creature. It is a matter of indifference how a kite is flown, so long as its under surface is made to impinge upon 
the air over which it passes.^ A kite will fly effectually when it is neither acted upon by the hand nor by a weight, 
provided always there is a stiff breeze blowing. In flight one of two things is necessary. Either the under surface 
of the wings must be carried rapidly against still air, or the air must rush violently against the under surface of 
the expanded but motionless wings. Either the wings, the body bearing them, or the air, must be in rapid motion ; 
one or other must be active. To this there is no exception. To fly a kite in still air the operator must run. If 
a breeze be blowing the operator does not require to alter his position, the breeze doing the entire work. It is 
the same with wings. In still air a bird, or whatever attempts to fly, must flap its wings energetically until it 
acquires initial velocity, when the flapping may be discontinued ; or it must throw itself from a height, in which 
case the initial velocity is acquired by the weight of the body acting upon the inclined planes formed by the motion- 
less wings. The flapping and gliding action of the wings constitutes the difference between ordinary flight and that 
known as skimming or sailing flight. The flight of the flying-fish is to be regarded rather as an example of the 
latter than the former, the fish transferring the velocity acquired by the vigorous lashing of its tail in the water 
to the air — an arrangement which enables it to dispense in a great measure with the flapping of the wings, which 
act by a combined parachute and wedge action. In the flying-fish the flying fin or wing attacks the air from 
beneath^ whilst it is being raised above the body. It has no downward stroke, the position and attachments of the 
fin preventing it from descending beneath the level of the body of the fish. In this respect the flying fin of the 
fish differs slightly from the wing of the insect, bat, and bird. The gradual expansion and raising of the fins of 
the fish, coupled with the fact that the fins never descend below the body, account for the admitted absence of 
beating, and have no doubt originated the belief that the pectoral fins are merely passive organs. If, however, they 
do not act as true pinions within the limits prescribed, it is difficult, and indeed impossible, to understand how such 
small creatures can obtain the momentum necessary to project them a distance of 200 or more yards, and to attain, 
as they sometimes do, an elevation of twenty or more feet above the water. Mr. Swainson, in crossing the line in 
1816, zealously attempted to discover the true action of the fins in question, but the flight of the fish is so rapid 
that he utterly failed. He gives it as his opinion that flight is performed in two ways — first by a spring or leap, 
and second by the spreading of the pectoral fins, which are employed in propelling the fish in a forward direction, 
either by flapping or by a motion analogous to the skimming of swallows. He records the important fact, that 
the flying-fish can change its course after leaving the water, which satisfactorily proves that the fins are not simply 
passive structures. Mr. Lord, of the Royal Artillery,^ thus writes of those remarkable specimens of the finny tribe : 
^^ There is no sight more charming than the flight of a shoal of flying-fish, as they shoot forth from the dark green 
wave in a glittering throng, like silver birds in some gay fairy tale, gleaming brightly in the sunshine, and then, 
with a mere touch on the crest of the heaving billow, again flitting onward reinvigorated and refreshed." 



DESIGN AS WITNESSED IN THE SWIMMING APPLIANCES OF ANIMALS. FINS, FLIPPERS, 
AND WINGS RESEMBLE EACH OTHER STRUCTURALLY AND FUNCTIONALLY— 
THE SWIMMING ORGANS FORM THE TRANSITION LINKS BETWEEN THE WALK- 
ING AND RUNNING ORGANS AND THE VOLANT OR FLYING ORGANS 

As swimming forms the connecting link between walking on the one hand and flying on the other, it will be 
useful at this stage to direct attention very shortly to the more outstanding features of this form of locomotion. The 
water presents a yielding fulcrum to the travelling organs of animals acting upon it. As a consequence, all the 
swimming arrangements are mechanically adapted to meet the peculiar requirements of the case. The travelling 

* **0n the Various Modes of Flight in Relation to Aemnautics, " by the Author. {Proceedings of the Royal ItiatUtUion of (ireat Britain, 

March 1867.) 

« Nature and Art, November 1866, p. 173. 
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organs of swimming animals are considerably larger than those employed by animals which walk and run on land. 
They are, however, very much smaller than those of insects, birds, and bats, which fly in the air. 

The water is practically incompressible : the air, on the contrary, being compressible to a high degree — a fact 
which explains the smaller size and greater rigidity of the flippers and wings of animals which fly in the water as 
compared with those of animals which fly in the air. 

The remarkable thing about the swimming organs of animals is their severe subordination to mechanical prin- 
ciples and the requirements of physics and mathematics. They all reveal in their structure and movements the 
operation of an intelligent Creator or First Cause. This is especially so in the case of fishes and sea mammals, where 
the body is ellipsoidal in shape to reduce friction which impedes forward movement, and where the fins and flippers 
aie constructed on a conmion principle, in which the screw predominates. What is said of the fins and flippers of 
swinmiing animals is equally true of the wings of flying animals. As a matter of fact fins, flippers, and wings 
are screws structurally and fimctionally. They differ from the ordinary screw propellers employed in navigation in 
that they do not alwa3rs revolve in the same direction. On the contrary, they are reversing, reciprocating screw 
propellers, an arrangement which enables them alternately to seize and let go the water or air on which they operate 
suddenly, and in such a manner as to secure a maximum of resistance and propelling power with a minimum of slip. 

Fins, flippers, and wings are triangular in shape and highly elastic ; the elasticity helping them over their pauses 
or dead points when the strokes are being reversed. They are thickest at the root where attached to the body, 
and thinnest at the posterior or free margin. The majority of fins and flippers and of subaquatic and aerial wings 
are thickest at the root and along the anterior margin, and thinnest at the tip and along the posterior margin. 
They are beautifully graduated, tapering, elastic structures, and their formation is such that if they are made to 
vibrate vigorously in the water or the air in a vertical or horizontal direction, they cause the bodies to which they 
belong to move forward or forward and upward rapidly in a series of alternating complemental curves. Daring the 
vibratory to-and-fro movements, the fins, flippers, and wings twist and untwist, and develop in their substance 
double or figure -of -8 curves which reverse at each new stroke. These curves are primarily due to involuntary effort, 
and secondarily to the resistance experienced from the water or air by the graduated swinmaing and flying organs, 
which yield more at the posterior free margin than at the root. While the movements of the fins, flippers, and wings 
are always intelligently directed and controlled, they are, to a certain extent, self-acting. Thus, when the pro- 
pelling organs are made to vibrate in the water or air in a horizontal or vertical direction, they, because of the liquid 
pressure engendered, reverse and change their planes and angles automatically in virtue of their unequal yielding, 
their elasticity, and other inherent properties. As a consequence, they develop what is, in reality, a sculling 
figure-of-8 motion. The figure-of-8 motion is spiral in its nature, and is the best possible for seizing and letting 
go the water and air at different stages of the to-and-fro movements. All these points can be readily demon- 
strated by the employment of artificial fish-tails, fins, flippers, and wings, of which I have made a very large number 
since 1865. 

The propelling organs of the higher animals, as indicated, bear a certain analogy to the screw propellers of steam- 
ships, with this difference, that in animals the propellers move first in one direction and then in another ; the pro- 
pellers of ships revolving in only one direction for the time being. It must, however, not be forgotten that the 
propeller of the steamship has a reciprocating action to the extent that it can be made to rotate and screw in 
one direction and cause the vessel to forge ahead, and to rotate and screw in another and opposite direction and 
cause the ship to sail stem first. The graduated, elastic, reciprocating propellers of animals are superior to the con- 
tinuous, rotatory, rigid propellers of steamships, as I pointed out in a letter to Engineering more than thirty 
years ago. The advantage consists in this : the graduated, elastic, reciprocating propellers of animals make artificial 
currents for themselves ; every stroke producing a current for each succeeding stroke, with the result that increased 
abutment and leverage are secured the quicker the animal propeller is driven. 

In the screw propeller of the steamship with continuous rotatory motion, on the other hand, increased speed 
in the propeller often defeats the object in view ; there being a tendency in the ship propeller, when driven at a 
very high speed, to cut out the water between its blades and to cause it and the propeller to revolve as a solid 
cylinder, which destroys the screw-action of the propeller so long as the high speed is continued.* 

In order to test these, and other allied points, I had a small model steamer built on the Clyde (Glasgow), with 
very fine sailing lines. It was provided with reciprocating engines and all modem appliances. With this I experi- 
mented for several years with all kinds of rigid screw propellers ; some having one blade, others two, and others 
three. I got the best results with the rigid, two-bladed screw propellers. I also tried graduated, elastic, steel screw 

* If NtetuiiNhip pro{>elle)'8 are driven Wyond a certain sjM'ed their |»r<)|K'lling jK)wer d<H*H not inereas*^ in |»r(>i»<»rtion to the 8])eed beyond a given 
point. In other wonls, to get from the ])n))>e]ler8 an additional knot (U- two per hour an extra ronsuniption of fuel, out of all proportion, us n»«|uiMl 
to ohtain the result. This is mainly due to a greatly augmented degree of slip in the proj^'lh-rs. It is also due, though in a less degree, to tht 
increase of friction and resistance exiM*rienced hv the shin in her accclcnited forwanl motion. 
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propellers, which regulated their own pitch when they were made to rotate. They did very well, but the gain 
over the rigid screw propellers was not so great as I anticipated it would be. I obtained the best results bom. 
graduated, reciprocating, fish-tail screw propellers constructed of finest steel plates. These were made to vibrate 
from side to side of the vessel like a fish-tail, and developed quite a remarkable degree of forward speed. They, 
however, caused a good deal of lateral oscillation in the vessel as she steamed ahead ; a drawback which was only 
corrected when the fish-tail propellers were made of small dimensions and their number was increased along or in 
the keel and on either side of the stem of the ship. The multiplication of the fish-tail propellers had its advantages, 
as it at once increased the speed and steadied the little vessel. It also provided against mishap to any one pro- 
peller. The fish-tail propellers were constructed on the type of the caudal fin of the fish. They were more or 
ess triangular in shape, elastic, and finely graduated; being thickest at the root and thinnest at the posterior free 
margin. By superposing and increasing the number of plates in the direction of the root of the fish-tail, a perfect 
gradation could readily be secured. The superposing and graduating of the plates were useful in two ways : 
(o) they secured the precise kind and amount of elasticity required ; and (b) they reduced to a minimum the tendency 
in metals to break off when strained in opposite directions for any considerable period. The tendency to break 
off is regulated by the suddenness of the bends in opposite directions, and by the number of the reciprocating move- 
ments in a given time. 

It has been found of late years that if the reciprocating movements do not exceed 800 per minute, steel plates 
do not crack and break. Beyond this point, and up to 2000 per minute, the tendency for them to give way 
becomes more and more marked. 

The natural fish-tails, flippers, and aquatic flying wings form very effective propellers, and are the highest repre- 
sentatives of the swinmung organs of the most highly differentiated aquatic animals. 

In the more highly differentiated swimming animals, free use is made of swimming organs which open out or 
expand during extension and the effective strokes, and close or fold during flexion and the non-effective strokes. 
The organs also partially rotate on their long axes ; a circumstance which enables them to present narrow, oblique, 
comparatively non-resisting surfaces and broad, flat, greatly resisting surfaces alternately to the water. Further, 
concave surfaces are employed during the effective strokes, and convex ones during the non-effective strokes. Lastly, 
the effective strokes are delivered vigorously and quickly ; the non-effective strokes being made less vigorously and 
slowly. 

The extraordinary modifications in the swinmmig appliances of animals can only be referred to law, order, and 
design. The animals so modified are expressly formed to play a definite role in the great scheme of nature. When 
animals of various tjrpes become denizens of the water, whether they be invertebrate or vertebrate, whether water 
breathers or air breathers, whether they produce their yoimg alive or deposit them as spawn in suitable places for 
hatching out, whether they be cold blooded or warm blooded, whether they are herbivora or camivora, Ac., they 
all conform more or less closely to the fish-type, both as regards their shape and mode of propulsion. There is 
nothing in the water itself to account for the general resemblance in shape of the several forms ; still less for the 
wonderful oneness in structure and function of the swimming organs. If, however, the environment of the swimming 
animals does not determine and change the shapes of their bodies and travelling organs, we must fall back upon 
type and original endowment, and on peculiarities inhering in the animals themselves. As such peculiarities cannot 
be referred to chance, and are obviously the outcome of pre -arrangement, a Creator, Designer, and Upholder becomes 
a necessity. The peculiarities are the product of development and growth in particular directions to achieve particular 
results. 

The swinMning forms and swimming organs had their representatives in early geologic times. They are 
not, therefore, to be regarded as after thoughts, or the result of accidental changes or accretions extending over 
practically unlimited periods. If, however, the peculiarities of swinmiing animals formed part of the original creation, 
which can scarcely be doubted, there is no room for the operation either of " evolution," " natural selection," or 
" environment." 

Before proceeding to a consideration of the graceful and, in some respects, mysterious evolutions of the denizens 
of the air, and the far-stretching pinions by which they are produced, it may not be out of place to say a few words 
in recapitulation regarding the extent and nature of the surfaces by which progression is secured on land and on 
or in the water. This is the more necessary, as the travelling surfaces employed by animals in walking and 
swimming bear a certain, if not a fixed, relation to those employed by insects, bats, and birds in flying. On looking 
back, we are at once struck with the fact, remarkable in some respects, that the travelling surfaces, whether feet, 
flippers, fins, or pinions, are, as a rule, increased in proportion to the tenuity of the medium on which they are 
destined to operate. In the ox we behold a ponderous body, slender extremities, and unusually small feet. The 
feet are slightly expanded in the otter, and considerably so in the omithorhynchus. The travelling area is augmented 
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in the seal, sea-lion, penguin, and turtle. In the triton a huge swimming-tail is added to the feet — ^the tail becoming 
larger, and the extremities (anterior) diminishing, in the manatee and porpoise, until we arrive at the fish, where 
not only the tail but the "posterior half of the body is actively engaged in natation. Turning from the water to the 
air, we observe a remarkable modification in the huge pectoral fins of the flying-fish, these enabling the cieat«e 
to take enormous leaps, and serving as pseudo-pinions. Turning in like manner from the earth to the air, we 
encounter the inmiense tegumentary expansions of the flying-dragon and galeopithecus, the floating or buoying area 
of which greatly exceeds that of some of the flying beetles. 

In those animals which fly, as insects, birds, and bats, the travelling surfaces, because of the extreme tenuity 
of the air, are prodigiously augmented ; these in many instances greatly exceeding the actual area of the body. 
While, therefore, the movements involved in walking, '^swinmiing, and flying are to be traced in the first instance 
to the shortening and lengthening of the muscular, elastic, and other tissues operating on the bones, and their peculiar 
articular surfaces ; they are to be referred in the second instance to the extent and configuration of the travelling 
areas — these on all occasions being accurately adapted to the capacity and strength of the animal and the density 
of the medium on or in which it is intended to progress. Thus the land supplies the resistance, and affords the 
support necessary to prevent the small feet of land animals from sinking to dangerous depths, while the water, 
immensely less resisting, furnishes the peculiar medium requisite for buoying the fish, and for exposing, without 
danger and to most advantage, the large surface contained in its ponderous lashing tail — ^the air, imseen and unfelt, 
furnishing that quickly yielding and subtle element in which the greatly expanded pinions of the insect, hat, and 
bird are made to vibrate with lightning rapidity, discoursing, as they do so, a soft and stirring music very delightful 
to the lover of nature. 



§ 374. General Statement regarding the Nature and Extent of the Surfaces employed in Walking, 
Swimming, and Flying. 

Before entering upon the subject of flight, it may be well if I direct the attention of the reader, very shortly, 
to the extraordinary disparity which obtains in the size and shape of the travelling organs of animals. I have 
already explained the peculiarities of the organs of locomotion employed on land, and on and in the water. Those 
of the air have still to be considered. As fljong is more difficult than either swimming or walking, it is necessary 
at this stage to look backwards as well as forwards. This can best be done by connecting walking and swinmiiiig 
with flying, and by placing in juxtaposition the walking, swimming, and flying organs for careful comparison. No 
mere description of feet, flippers, fins, and wings can give an adequate idea of their nature and extent. They must 
be seen side by side and compared with each other and with the bodies to which they belong. I have consequently 
prepared a series of figures drawn with great care from nature (Plate clxv.), in which the organs for land, water, 
and air transit are accurately given. The series embraces not only the typical forms adapted for progression on 
the land, on and in the water, and in the air, but also the transition types which connect land and water transit, 
and land, water, and air transit. 

Strictly speaking, there are only three highways in nature, namely, the land, the water, and the air. There 
are, however, boggy stretches of land and mud flats which necessitate specially modified organs of locomotion, and 
there are shallow creeks of water with a semi-aquatic population. The flying dragon and galeopithecus throw 
themselves from elevated positions into the air, and the flying-fish darts from the azure wave into the thin air above. 

In every form of locomotion the travelling organs are specially designed. They are means to ends, and without 
the means, the ends could not be achieved. No kind of legerdemain, even in the laboratory of nature, and with 
unlimited time at the disposal of the operator, could convert the small, solid, homy hoofe of the horse into the 
extensive, exquisitely reticulated, filmy wings of the dragon fly ; and what is true of these extremes is true of every- 
thing between them. Every travelling organ works within its own appropriate sphere. It is not a question <rf 
evolution, gradation, and modification extending over long periods, but of original endowment and equipment 
vouchsafed to animals at the outset of their careers. The travelling organs of animals are as necessary to them 
as their heads or any other part of their bodies. 

The travelling organs increase in size accjoniing as the medium to be traversed becomes less dense and less 
resisting. Small feet suffice to support a {K)n(ler()UH body on th(» land ; a huge swinmiing tail is required to navigate 
the water ; and enormously expanded pinions an^ neccsHary to Hupport the volant animal in the air. The small 
feet of quadrupeds would be of no poHsible use in i\\v. air ; the tail of the fish would have no value as apart from 
water ; and the wings of insects, birds, and hats would wreck thoniselvos if made to beat against the groimd. There 
is a fitness in things. The subjective has itn natural ol)j(M',tiv(», and the objective of the travelling organ is the 
medium on which it was designed to ()j)enit(j from thr hcj^innirig. The sizes and shapes of the travelling organs 
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are all pre-determined, as much as the animals to which they belong. All the higher animals would be helpless 
without their travelling organs. Such important structures had to be provided in advance. They were formed 
in the body of the parent in tUero, and had to be trained against the time when food had to be secured and ingested. 
The animal had not to wait for the development of its organs of propulsion. Without the latter it would have been 
an imperfect being, and, as such, liable to destruction. 

One remarkable feature about the organs of locomotion is their invariable conformity to law and order, and 
their mechanical completeness. They never err from excess or defect, and they perform the work allotted to them 
in the most business-like way. They, moreover, all act on a common principle, and are formed on a common 
pattern. 

They form levers of various kinds, and are, as a rule, slightly twisted upon themselves, screw-fashion, in the 
direction of their length. On the land and in the water they exert a screw and wedge action. In the air they 
display a screw, wedge, and kite action. From the engineer's point of view they are admirable examples of carefully 
designed and cunningly fashioned structures. They are integral and important parts of the organic machinery of 
nature, without which the higher animals would sooner or later inevitably perish. 

The nature and extent of the travelling organs of animals carry with them, as few things do, the idea of 
intelligence and design in their formation. It is impossible to regard the feet, flippers, fins, tails, and wings of animals 
as chance products, and nothing short of original endowment and the operation of a First Cause can adequately 
account for their presence. 

Environment, desire on the part of animals, use, and habit, are supposed by many to have brought about their 
origin in some m}rsterious and unaccountable way. Some trace them to a freak of nature and heredity ; others 
to spontaneoiis generation and minute chance modifications extending over long periods ; others to evolution. 

None of the suggested explanations are in the least degree satisfactory. The so-called modifications are so 
numerous, extensive, and extraordinary, as utterly to set them, one and all, aside. Design, original endowment, 
bias, and development, and, arrest of development in particular directions and to given ends, afford the only clue 
to the solution of a most involved and difficult problem. Mere environment, chance, desire, use, habit, 
" heredity," &c., can never account for the amazing adaptations witnessed in the travelling organs of animals, and 
endless modifications in endless time would avail nothing if the organs were not original creations designed to 
perform special work in the economy of nature. The travelling organs must have had a beginning. They, more- 
over, form essential and integral parts of all animals. They must have existed before they could be modified, and 
on their integrity the life of the individual hangs, as food cannot be obtained without them. It is the merest 
guessing and speculation to affirm that they are " evolved." Evolved ! by what and from what ? One can say, 
and almost certainly say truly, that they are created and designed, and that they grow and develop on lines laid 
down for them — ^these lines conducting them to the goal of reasoned achievement and purpose in the mature animal 
when they have to act as food providers in the wide domain of nature. 

The travelling organs cannot be regarded as evolutions pure and simple. Neither can they be considered the 
product of endless minute modifications in infinite time ; they are, strictly speaking, the outcome of original endow- 
ment and development in particular directions — the development being, in certain cases, excessive, and in others 
arrested — and parts which had been formed, suppressed, or reduced to vestiges to meet the peculiar exigencies of 
land, water, and air transit respectively. If evolution accoimted for the growth of the travelling organs, it could 
not possibly account for the deterioration and disappearance of parts of them. Neither could it account for the 
obliteration of the general plan which assigns five digits to the extremities of bipeds and quadrupeds. Still less 
could it account for the increase in size of one bone, as in the cannon bone of the horse, and the deterioration and 
dwarfing of the other bones of the foot, or for the nmning together and fusing of the bones of the digits in the 
wing of the bird. It need scarcely be added that the foot ot the horse and the wing of the bird are amongst 
the most perfect of the travelling organs. 

The size and extent of the travelling organs in the higher animals will be readily understood by a reference to 
Plate clxv. 

PLATE CLXV 

Plate clxv. illustrates the remarkable disparity which obtains in the size and shape of the travelling organs of 
animals adapted for land, water, and air transit respectively. 

Fig. 1, FROM A TO N inclusive. — Shows typical examples of travelling organs. 

A. Foot of the deer. Extreme example of compressed foot for land transit. The ox and the horse furnish other examples. 

B. Foot of the otter, slightly webbed. Adapted for land and water transit. 

C. Foot of the frog. This foot is expanded and webbed, and is best adapted for water transit (swimming). 



PROGRESSION IN OR THROUGH THE AIR 1199 

PLATE CLXV (cmiinued) 

D. Foot of the omithorhynchus greatly expanded and webbed and mainly adapted for swimming. 

£. Foot of the seal greatly modified, expanded, and webbed. Used almost exclusively for swimming. The seal walks badly on 
land ; it hobbles along by undulatory movements. 

F. Swallow with anterior extremities very greatly expanded and clothed with feathers to form wings. The travelling organs 
in this case when compared with the size and weight of the body are excessively large. They are specially designed to act on the 
air, which is the thinnest, lightest, and most unstable of the media traversed. 

6. The turtle. The anterior and posterior extremities in this case are modified and considerably expanded ; the expansion 
being largely in excess of A, B, C, D, and £, though less than in F. The anterior extremities, moreover, are true wings, in the 
sense that they are movable, elastic structures which taper and are strongest at the root and anterior margin (», h) and thinnest 
and weakest at the tip and posterior margin (c). The posterior extremities ((2, e) are similarly modified, but more resemble feet. 
They are almost wholly employed in natation. 

H. Fish with powerful swimming tail. In the fish nearly half of the body is engaged in natation. The tail is applied to the 
water laterally or from side to side. 

I. The manatee, a fish-shaped, swimming mammal having a large, finely formed, swimming tail. In this case, the tail is 
applied to the water vertically, or from above downwards. The same holds true of the dugong, porpoise, whale, &c. The vertical 
movements of the tail enable those remarkable animals readily to reach the surface of the water for breathing purposes. 

J. The penguin, a bird adapted almost exclusively for swimming and diving. It has very small, featherless, strong wings, and 
expanded, webbed feet. The wings are elastic, and taper from the root to the tip, and from the anterior (a, h) to the posterior 
(c) margin. They yaw and twist screw-fashion in action, and enable the bird to fly and dive in the water with great celerity and 
in any direction. The feet (d) can act independently of the wings, or in concert with them. 

K. The flying fish. This singular animal is provided with very large and powerful pectoral fins, resembling wings, which enable 
it to leave the water and take flights of from two to three hundred yards in the air. 

L. The flying lizard. In this case the anterior (a) and posterior (b) extremities and ribs support a membranous expansion 
(e, c') by the aid of which it flies for considerable distances in a slightly downward curved direction. The membranous expansion 
is not moved to any great extent by the extremities, and acts mainly as a parachute ; the parachute can, however, be controlled 
within limits. 

M. The bat. This C|uaint little animal has attained to the dignity of flight. As in the flying lemur, its flying membrane (r, c') is 
supported by the anterior (a) and posterior (b) limbs. The flying membrane of the bat is alternately elevated and depressed with 
great vigour, as in all flying creatures. This alternate elevation and depression of the flying membrane distinguishes it from the 
parachute in the ordinary sense. A parachute mainly supports : a wing at once supports and propels (the Author, 1867). 

N. The flying lemur. In this instance, the membranous expansion or parachute (c, c') is supported by the anterior (a) and 
posterior (/>) extremities, and tail. This strange animal can all but fly. It glides along by the aid of its parachute from the tops of 
lofty trees and often for long distances, but always in a slightly downward, curved direction. The anterior and posterior limbs, 
feet, and tail regulate the tension and angles made by the parachute, which is under control. 

Fio. 2. — Butterfly with enormously expanded wings and small body. 

Fig. 3. — Qoliath beetle with large body and comparatively small wings. 

Fig. 4. — Partridge with large, heavy body and small wings. 

Fig. 5. — Heron with small, light body and large, powerful wings. 

Fig. 6.— Vultures with large heavy bodies and very extensive wings, as seen flexed during the up stroke and fully expanded 
during the down stroke. The right wing of the lower vulture is twisted upon itself screw-fashion, and reveals two sets of 
figure-of-8 curves. (Drawn by C. Berjeau for the present work. Figs. 4, 5, and 6 are from photographs.) 
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The atmoBphere, because of its great tenuity, mobility, and comparative imponderability, presents little 
resistance to bodies passing through it at low velocities. If, however, the speed be greatly accelerated, the passage 
of even an ordinary cane is sensibly impeded. 

This comes of the action and reaction of matter, the resistance experienced varying according to the density 
of the atmosphere and the shape, extent, and velocity of the body acting upon it. While, therefore, scarcely any 
impediment is offered to the progress of an animal in motion, it is often exceedingly difficult to compress the air 
with suflScient rapidity and energy to convert it into a suitable fulcrum for securing the upward and onward 
impetus in flight. This arises from the fact that bodies moving in the air experience the minimum of resistance 
and occasion the maximum of displacement. Another and very obvious difficulty is traceable to the great disparity 
in the weight of air as compared with any known solid. This disparity in the case of water is as 1000 to 1. 
According to the density of the medium so is its buoying or sustaining power. 

The Wing a Lever of the Third Order. — To meet the peculiarities stated above, the insect, bat, and bird are 
furnished with extensive surfaces in the shape of pinions or wings, which they can apply with singular velocity and 
power, as levers of the third order,^ at various angles, or by alternate slow and sudden movements, to obtain the 
necessary degree of resistance and non-resistance. In bats and birds, the degree of resistance and non-resistance 
is further secured by the opening and closing of the wings. Although the third order of lever is particularly inefficient 
when the fulcrum is rigid and immobile^ it possesses singular advantages when these conditions are reversed, that 

' In tliis fomi of levt^r tlic power is applied between the fulenini and the weight to l>e raised. The niasH to Im^ elevated is the Inxiy of the 
insect, bat, or bird — the foive which resides in the living )>inion representing the iK)wer, and the air the fulcrum. 



I200 



DESIGN IN NATURE 



is, when the fulcrum, as happens with the air, is ekistic and yielding. In this case a very slight movement at 
the root of the pinion, or that end of the lever directed towards the body, is succeeded by an immense sweep 
of the extremity of the wing, where its elevating and propelling power is greatest. This arrangement 
insures that the large quantity of air necessary for support and propulsion shall be compressed under the 
most favourable conditions. 

It follows from this, that those insects and birds are endowed with the greatest powers of flight the wings of which 
are the longest. The dragon-fly and albatross furnish examples. The former on some occasions dashes along with 
amazing velocity and wheels with incredible rapidity ; at other times it suddenly checks its headlong career and 
hovers or fixes itself in the air after the manner of the kestrel and humming-bird. The flight of the albatross is also 
remarkable. This magnificent bird sails about with apparent unconcern for hours together, and rarely deigns to 
flap its enormous pinions, which stream from its body like attenuated kites to the extent, in some cases, of seven 
feet on either side. 

The manner in which the wing levers the body upwards and forwards in flight is shown at Fig. 505. 

In this figure. /, /' represent the movable fulcra furnished by the air ; p, p' the power residing in the wing, 

and b the body to be flown. In order to simpUfy the problem of flight, I have prolonged the lever formed by the 

wing beyond the body (6), and have applied to the root of the wing so extended the weight w, w'. x represents 

the universal joint by which the wing is attached to the body. When the wing ascends, as shown at p, the air 

( = fulcrum f) resists its upward passage, and forces the body 
(6), or its representative (w), slightly downwards. When the 
wing descends, as shown at p', the air ( = fulcrum f) resists 
its downward passage, and forces the body (6), or its repre- 
sentative {w% slightly upwards. From this it follows, that 
when the wing is elevated, the body is depressed, and vice 
versd ; the wing, especially its tip, describing the arc of a 
large circle (/, /'), the body (6), or the weights representing 
it (w, w') describing the arc of a much smaller circle. The 
body, therefore, as well as the wing, is raised and lowered 
in ^ght. When the wing descends it elevates the body, the 
wing being active and the body passive ; when the body 
descends it assists in elevating the wing, the body bemg 
active and the wing, more or less, passive. The elevator 
muscles of the wing and the reaction of the air on its under 
surface all take part in its elevation. It follows, that weight 
forms a factor in flight, the wing and the weight of the body reciprocating and mutually assisting and reUeving 
each other. This is an argument for employing four wings in artificial flight ; the wings being so arranged that 
the two which are up shall always by their fall mechanically elevate the two which are down. Such an 
arrangement is calculated greatly to conserve the driving power, and, as a consequence, to keep down 
and minimise the weight. It is the uppe^ or dorsal convex surface of the wing which more especially 
operates upon the air during the up stroke, and the under or ventral concavjB surface which operates during 
the down stroke. 

In rapid flight, the under concave surface of the wing comes into play even during the up stroke, from the fact 
that the wing during the upward movement makes an upward angle with the horizon — its under surface being carried 
swiftly forwards and acting as a kite pulled forwards by its string. 

The wing, which at the beginning of the down stroke has its surfaces and margins (anterior and posterior) 
arranged in nearly the same plane with the horizon,^ rotates upon its anterior margin as an axis during its descent, 
and causes its under surface to make a gradually increasing angle with the horizon, the posterior margin (Fig. 506, c) 
in this movement descending beneath the anterior one. A similar but opposite rotation takes place during the up 
stroke. The rotation referred to causes the wing to twist on its long axis screw-fashion, and to describe a figure- 
of-8 track in space, one-half of the figure being described during the ascent of the wing, the other half during its 
descent. The twisting of the wing, and the figure-of-8 track described by it when made to vibrate, are represented 
at Fig. 506, i, b, j, /. The rotation and twisting of the wing on its long axis as it ascends and descends cause 
the under surface of the wing to act as a kite, both during the up and down strokes, provided alwaj^ the body 
bearing the wing is in forward motion. 

' In some cast's tlie jM)steri(»r iiiar<(in is t'levated aUovf the horizon. 
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§ 37S The Wing can produce and utilise Artificial Air-Currents. 

When the wing is thrust upwards, the resistance of the superimposed air causes its posterior thin margin to 
yield in a downward direction, with the result that the wing, and the body attached to it, fly upwards and forwards 
in a double curve. It follows, that both the upper and under surfaces of the wing are efficient during the up stroke. 

During the down stroke, the under surface only acts. The wing is consequently effective both during its ascent 
and descent, its slip being nominal in amount. The wing acts as a kite, both when it ascends and descends. It 
acts more as a propeller than an elevator during its ascent ; and more as an elevator than a propeller during its 
descent. It is, however, effective both in an upward and downward direction. The efficiency of the wing is greatly 
increased by the fact that when it ascends it draws a current of air up after it, which current being met by the 
wing during its descent, greatly augments the power of the down stroke. In like manner, when the wing descends 
it draws a current of air down after it, which being met by the wing during its ascent, greatly augments the power 
of the up stroke. These induced currents are to the wing what a stiff autumn breeze is to the boy's kite. The wing 
is endowed with this very remarkable property, that it creates the current on which it rises and progresses. It 
literally flies on a whirlwind of its own forming. 

These remarks apply more especially to the wings of bats and birds, and those insects whose wings are made 
to vibrate in a more or less vertical direction. The action of the wing is readily imitated, as a reference to Fig. 506 
will show. 

If, for example, I take a tapering elastic reed, as represented at a, b, and supply it with a flexible elastic sail 
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(c, d), and a ball and socket joint (x), I have only to seize the reed at a and cause it to oscillate upon x to elicit 
all the wing movements. By depressing the root of the reed in the direction n, c, the wing flies up as a kite in 
the direction /, /. During the upward movement the wing flies upwards and forwards, and describes a double curve. 
By elevating the root of the reed in the direction w, a, the wing flies down as a kite in the direction t, b. During 
the downward movement the wing flies downwards and forwards, and describes a double curve. These curves, when 
united, form a figure-of-8 track in space. This is what happens in captive flight when the volant animal is pre- 
vented from flying forwards. In free flight, when the animal is advancing rapidly, the figure-of-8 made by the 
wing is gradually opened out and converted into a looped and then a waved trajectory. The figure-of-8 represents 
the trajectory made by the wing in stationary flight ; the double curve or wave that made in progressive flight. 

During the elevation and depression of the wing a large amount of buoyancy and tractile force are evolved, 
and if the wings and the body of the flying creature are inclined slightly upwards, kite-fashion, as they invariably 
are in ordinary flight, the whole mass of necessity moves upwards and forwards. To this there is no exception. A 
sheet of paper or a card will float along if its anterior margin be slightly raised, and if it be projected with sufficient 
velocity. The wings of all flying creatures when made to vibrate, twist and untwist, the posterior thin margin of 
each wing twisting round the anterior thick one, like the blade of a screw. The artificial wing represented at 
Fig. 506 does the same, c, d twisting round a, 6, and g, h round e, /. I have shown how those insects, bats, and 
birds which flap their wings in a more or less vertical direction evolve tractile or propelling power and buoyancy. 
I wish now to show that flight may also be produced by a very oblique and almost horizontal stroke of the wing, 
as in some insects, for example, the wasp, blue-bottle, and other flies. In those insects the wing is made to vibrate 
with a figure-of-8 sculling motion in a very oblique direction, and with immense energy. This form of flight differs 
in no respect from the other, unless in the direction of the stroke, and can be readily imitated, as a reference to 
Fig. 507 will show. 

VOL. III. K 
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In Fig. 507 the conditions represented at Fig. 506 are exactly reproduced, the only difference being that in the 
present figure the wing is applied to the air in a more or less horizontal direction, whereas in Pig. 506 it is 
applied in a more or less vertical direction. The letters in both figures are the same. The insects whose wings 
tack upon the air in a more or less horizontal direction have an extensive range, each wing describing nearly 
half a circle, these half circles corresponding to the area of support. The body of the insect is consequently the 
centre of a circle of motion. When the wing is seized by the hand at a, and the root made to travel in the direc- 
tion n, e, the tip of the wing travels in the direction j, f. While so travelling it flies upwards in a double curve, 
kite-fashion, and elevates the weight I, When it reaches the point /, it reverses suddenly to prepare for a return 
stroke, which is produced by causing the root of the wing to travel in the direction m, a, the tip travelling in the 
direction i, h. During the reverse stroke, the wing flies upwards in a double curve, kite-fashion, and elevates the 
weight k. The more rapidly these movements are repeated, the more powerful the wing becomes, and the greater 
the weight it elevates. This follows because of the reciprocating action of the wing — ^the wing, as already explained, 
always drawing a current of air after it during the one stroke, which is met and utilised by it during the next stroke. 

The manner in which the artificial air currents are produced by the reciprocating action of the wing will be 
readily understood by a reference to Fig. 508, which represents transverse sections of a wing constructed on the 
type of the living wing, being played above three lighted candles (a, 6, c). 

The wing is made to pass alternately from right to left and from left to right ; the plane of the wing occupy- 
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Fio. 508. — Artificial elastic wing being made to vibrate in a horizontal direction above three lighted candles. Wing seen in 
transverse action (the Author, 1867). 

ing a vertical position at the beginning of each stroke, as indicated at x, g and x\ k. The moment the wing b^ins 
to travel from right to left and encounters air pressure, it assumes an oblique position as shown at d. It assumes 
a more oblique position at e, and then a less oblique one at /. At g, the wing has returned to the vertical, and 
its movements are slowed to prepare it for making the stroke from left to right. When the wing travels from left 
to right it assumes successively the positions seen at A, t, /. At k the plane of the wing is again in a vertical 
position. When the wing darts from right to left {d, e, /, g), its tip describes a double curve as at m, n, u, o, 
and draws a current of air after it, as indicated at r of the lighted candle c. When the wing darts from left to 
right (hy i, /, k), its tip describes a complemental and opposite curve as at p, q, x\ {, and draws a reverse current 
after it, as indicated at s of the lighted candle a. The two currents meet each other and cross at 6, $ . The flame 
of the third lighted candle (6) is not now directed from right to left (r) and from left to right («) alternately, but 
away from the operator, in the direction of the tip of the wing, as indicated at t, t\ The remarkable thing about 
this experiment is that the graduated, elastic, yielding, artificial wing makes various angles with the horizon and 
flies backwards and forwards as a true kite : the angles being least when the speed of the wing is greatest, and 
vice versd. The wing reverses mechanically at the end of each stroke, and the tip of the wing describes a 
figure-of-8 trajectory in space (m, n, o, />, q). It goes without saying that the artificial air currents, being met 
by the wing as it hastens to and fro, very greatly increase the efiiciency of the wing as an elevating organ. 

The reciprocating action of the natural wing: is analogous in all respects to that observed in the flippers of the 
seal, sea-lion, walrus, and turtle, the swimming wing of the penguin, and the tail of the whale, dugong, manatee, 
porpoise, and fish. If the muscles of the insect were made to act at the points a, e of Fig. 507 the body of the 
insect would be elevated as at A% /, by the reciprocating action of the wings. The amount of elevating and tractile 
power developed in the arrangement represented at Fig. 50(5 can be readily ascertained by fixing a spring or a 
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weight acting over a pulley to the anterior margin (a, 6, or e, /) of the wing ; weights acting over pulleys being 
attached to the root of the wing (a or e). 

The amount of elevating power developed in the arrangement represented at Fig. 507 can also be estimated 
by causing weights acting over pulleys to operate upon the root of the wing (a or e), and watching how far the 
weights (k or J) are raised. In these calculations allowance is of course to be made for friction. The object of the 
two sets of experiments described and figured, is to show that the wing can exert a tractile power either in a 
nearly horizontal direction or in a nearly vertical one, flight being produced in both cases. As is well known, a 
body not supplied with wings or inclined surfaces will, if left to itself, fall vertically downwards. I find, however, 
that if the body be furnished with wings, its vertical fall is converted into oblique downward flight. This is a 
very interesting point. Experiment has shown me that a wing when made to vibrate vertically produces horizontal 
traction plus buoyancy, and that when made to vibrate horizontally, it produces vertical traction plus propulsion. 
The vertical fall of a body armed with wings produces oblique traction. 

§ 376. Weight necessary to Flight. 

However paradoxical it may seem, a certain amoimt of weight is indispensable in flight. 

In the first place, it gives peculiar efficacy to the up stroke, by acting upon the under surfaces of the inclined 
planes formed by the wings in the line of advance. The power and the weight may thus be said to reciprocate ; 
the two sitting, as it were, side by side, and blending their peculiar influences to produce a common result. 

Secondly, it adds momentum — a heavy body, when once fairly under weigh, meeting with little resistance from 
the air, through which it sweeps like a heavy pendulum. 

Thirdly, the mere act of rotating the wings on and ofE the wind during extension and flexion, plus the down 
stroke, largely represents the exertion on the part of the volant animal, the rest being performed by weight alone. 

This last circumstance is deserving of attention, the more especially as it seems to constitute the principal 
difference between a living flying thing and an aerial machine. If a flying-machine were constructed in accordance 
with the principles which we behold in nature, the weight and the propelling power of the machine would be made 
mutually to assist each other. In the aerial machine, as far as yet devised, there is no sympathy between the weight 
to be elevated and the lifting power, whilst in natural flight the wings and the weight of the flying creature act 
in concert and reciprocate ; the wings elevating the body the one instant, the body by its fall contributing to the 
elevation of the wings. When the wings elevate the body they are active, the body being passive. When the body 
assists in elevating the wings it is active, the wings being, in a sense, passive. The force residing in the wings, 
and the force residing in the body (weight is a force when launched in space and free to fall in a vertical direc- 
tion) cause the mass of the volant animal to oscillate in vertical curves on either side of an imaginary line — this 
line corresponding to the path of the insect, bat, or bird in the air. In the flight of insects, bate, and birds, weight 
is to be regarded as an independent moving power, this being made to act upon the oblique surfaces presented by 
the wings in conjunction with the power expended by the animal — the latter being, by this arrangement, conserved 
to a remarkable extent. Weight in free flight exerte a constant force, and relieves the elevator and depressor 
muscles of the wing to a much greater extent than is generally supposed. Weight, assisted by the elastic ligamente 
or springs, which recover all wings in flexion, is to be regarded as the mechanical expedient resorted to by nature 
in supplementing the efforte of all flying things.^ Without this, flight would be of short duration, laboured, and 
uncertain, and the almost miraculous journeys at present performed by the denizens of the air impossible. 

§ 377- Weight contributes to Horizontal Flight. 

The area of the insect and bird, when the wings are fully expanded, is, with the single exception of the bate, 
greater than that of any other class, their weight being proportionally less. It ought, however, never to be for- 
gotten that even the lightest insect or bird is immeasurably heavier than the air, and that there is no fixed relation 
existing between the weight of body and the expanse of wing in either order. We have thus light-bodied and large- 
winged insecte and birds — as the butterfly, heron, and albatross — and others whose bodies are comparatively heavy, 
while their wings are insignificantly small — as the sphinx moth and centaur bettle among insecte, and the grebe, 
quail, and partridge among birds. Those apparent inconsistencies in the dimensions of the body and wing are readily 
explained by the greater muscular development of the heavy-bodied, short-winged insecte and birds, and the increased 
power and rapidity with which the wing in them is made to oscillate. This is of the utmost importance in the 

* Weight, as is weU known, is the sole moving power in the common eight-day clock — the |>endulum being used merely to regulate the 
movements produced by the descent of the leads. In watches, the onus of motion is thrown upon a spiral auring ; and it is worthy of remark 
that the mechanician has seized upon, and ingeniously utilised, two forces largely employed in the animal kingdom. 
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science of aerostation, as showing that flight may be attained by a heavy, powerful animal with comparatively short 
wings, as well as by a lighter one with enormously enlarged wings. While, therefore, there is apparently no corre- 
spondence between the area of the wing and the animal to be raised, there is, unless in the case of sailing birds, 
an unvarying relation as to the weight and number of oscillations ; so that the problem of flight would seem to 
resolve itself into one of weight, power, velocity, and small surfaces, versus buoyancy, debility, diminished speed, 
and extensive surfaces — weight in either case being a sine quel non. In order to utilise the air as a means of transit, 
the body in motion, whether it moves in virtue of the life it possesses, or because of a force superadded, must be 
heavier than the air. It must tread and rise upon the air as a swimmer upon the water, or as a kite upon the wind. 
This is necessary for the simple reason that the body must be active, the air passive. It must act against gravity, 
and elevate and carry itself forward at the expense of the air and of the force which resides in the body. If it 
were otherwise — if it were rescued from the law of gravity on the one hand, and bereft of independent movement 
on the other — it would float about uncontrolled and uncontrollable, as happens in the ordinary gas-balloon. 

That the weight of the body plays an important part in the production of flight may be proved by a very simple 
experiment (Fig. 509), originally made by me in 1870. 

If I take two primary feathers and fix them in an ordinary cork, as in Fig. 509, and allow the apparatus to 
drop from a height, I find the cork does not fall vertically downwards, but downwards and forwards in a curve. 
This follows, because the feathers a, b are twisted, flexible, inclined planes, which arch in an upward direction. They 
are, in fact, true wings in the sense that an insect wing in one piece is a true wing. When dragged downwards 

by the cork (c), which would, if left to itself, fall vertically, they have what is 

C!^^. ^^^^ virtually a down stroke communicated to them. Under these circumstances a 

6^^ ^ ^ struggle ensues between the cork tending to fall vertically and the feathers tending 

fC to travel in an upward direction, and, as a consequence, the apparatus describes 

W the curve d, e, /, g before reaching the earth A, i. This is due to the action and 

j reaction of the feathers and air upon each other, and to the influence which 

• gravity exerts upon the cork. The forward travel of the cork and feathers, as 

/ compared with the space through which they fall, is very great. Thus, in some 

/ instances, I found they advanced as much as a yard and a half in a descent of 

/ three yards. Here, then, is an example of flight produced by purely mechanical 

, ,.''' -^ appliances. Certain of the winged seeds fly in precisely the same manner. The 

'^ seeds of the plane-tree have, for example, two wings which exactly resemble the 

Yu., 509. wings employed for flying ; thus they taper from the root towards the tip, and 

from the anterior margin towards the posterior margin, the margins being twisted 
and disposed in different planes to form true screws. This arrangement prevents the seed from falling rapidly or 
vertically, and if a breeze be blowing it is wafted to a considerable distance before it reaches the ground. 
Nature is uniform and consistent throughout. She employs the same principle, and very nearly the same means, 
for flying a heavy, solid seed which she employs for flying an insect, a bat, or a bird. 

When artificial wings constructed on the plan of natural ones, with stiff roots, tapering, semi-rigid, anterior 
margins, and thin, yielding, posterior margins, are allowed to drop from a height, they describe double curves in 
falling, the roots of the wings reaching the ground first. This circumstance proves the greater buoying power of 
the tips of the wings as compared with the roots. I might refer to many other experiments made in this direction, 
but these are sufficient to show that weight, when acting upon wings, or, what is the same thing, upon tapering, 
elastic, twisted inclined planes, must be regarded as an independent moving power. But for this circumstance 
flight would be at once the most awkward and laborious form of locomotion, whereas in reality it is incomparably 
the easiest and most graceful. The power which rapidly vibrating wings have in sustaining a body which tends 
to fall vertically downwards, is much greater than one would naturally imagine, from the fact that the body, which 
is aluxiys beginning to fall, is never permitted actually to do so. Thus, when it has fallen sufficiently far to assist 
in elevating the wings, it is at once elevated by the vigorous descent of those organs. The body consequently 
never acquires the downward momentum which it would do if permitted to fall through a considerable space 
uninterruptedly. It is easy to restrain even a heavy body when beginning to fall, while it is very diflicult to check 
its progress when it is once fairly launched in space and travelling rapidly in a downward direction. 

§ 378. Weight, Momentum, and Power as Factors in Flight. 

When a bird rises it has little or no momentum, so that if it comes in contact with a solid resisting surface 
it does not injure itself. When, however, it has acquired all the momentum of which it is capable, and is in full 
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and rapid flight, such contact results in destruction. My late friend, Mr. A. D. Bartlett, informed me of an instance 
where a wild duck terminated its career by coming violently in contact with one of the glasses of the Eddystone 
Lighthouse. The glass, which was fully an inch in thickness, was completely smashed. Advantage is taken of this 
circumstance in killing gannets, a bait being placed on a board, and set afloat with a view to breaking the neck 
of the bird when it swoops down with closed wings to seize the coveted food. The increase of power due to 
momentum in heavy bodies in motion is well illustrated in the start and progress of steamboats. In these the slip, 
as it is technically called, decreases as the speed of the vessel increases ; the strength of two or three men, if applied 
by a hawser attached to the stern of a moderate-sized vessel, being sufficient to retard, and, in some instances prevent, 
its starting. In such a case the power of the engine is almost entirely devoted to " slip," or in giving motion to 
the fluid in which the screw or paddle is immersed. It is consequently not the power residing in the paddle or 
screw which is cumulative, but the momentum inhering in the mass. In the bird, the momentum, alias weight, 
is made to act upon the inclined planes formed by the wings, these adroitly converting it into sustaining and pro- 
pelling power. It is to this circumstance, more than any other, that the prolonged flight of birds is mainly due, 
the inertia or dead weight of the trunk aiding and abetting the action of the wings, and so relieving the excess of 
exertion which would necessarily devolve on the bird. It is thus that the power which in living structures resides 
in the mass is conserved, and the mass itself turned to account. But for this reciprocity, no bird could retain its 
position in the air for more than a few minutes at a time. This is proved by the comparatively brief upward 
flight of the lark and the hovering of the hawk when hunting. In both these cases the body is exclusively 
sustained by the action of the wings, the weight of the trunk taking no part in it ; in other words, the weight of 
the body does not contribute to flight by adding its momentum and the impulse which momentum begets. In the 
flight of the albatross, on the other hand, the momentum acquired by the moving mass does the principal portion 
of the work, the wings for the most part being simply rotated on and ofi the wind to supply the kite-surfaces 
and angles necessary for the inertia or mass to operate upon. It appears to me that in this blending of active and 
passive power the mystery of flight is concealed, and that no arrangement will succeed in producing artificial flight 
which does not recognise and apply the principle here pointed out. 

§ 379. Air-cells in Insects, Birds, and Bats not necessary to Flight. 

The boasted levity of insects, birds, and bats, concerning which so much has been written by authors in their 
attempts to explain flight, is delusive in the highest degree. 

Insects, birds, and bats are as heavy, bulk for bulk, as most other living creatures, and flight can be per- 
formed perfectly by animals which have neither air-sacs nor hollow bones ; air-sacs being foiuid in animals never 
designed to fly. Those who subscribe to the heated-air theory are of opinion that the air contained in the cavities 
of insects and birds is so much lighter than the surrounding atmosphere, that it must of necessity contribute 
materially to flight. I may mention, however, that the quantity of air imprisoned is, to begin with, so infinitesimally 
small, and the difference in weight which it experiences by increase of temperature so inappreciable, that it ought 
not to be taken into account by any one endeavouring to solve the difficult and important problem of flight. The 
Montgolfler or flre-balloons were constructed on the heated-air principle ; but as these have no analogues in nature, 
and are apparently incapable of improvement, they are mentioned here rather to expose what I regard as a false theory 
than as tending to elucidate the true principles of flight. 

When we have said that cylinders and hollow chambers increase the area of the insect and bird, and that an 
insect and bird so constructed is stronger, weight for weight, than one composed of solid matter, we may dismiss 
the subject ; flight being, as I rihall endeavour to show by-and-by, not so much a question of levity as one of weight 
and power intelligently directed, upon properly constructed flying surfaces. 

The bodies of insects, birds, and bats are constructed on strictly mechanical principles — lightness, strength, 
and durability of frame being combined with power, rapidity, and precision of action. The cylindrical method of 
construction is in them carried to an extreme, the bodies and legs of insects displaying numerous imoccUpied spaces, 
while the muscles and solid parte are tunnelled by innumerable air-tubes, which communicate with the surrounding 
medium by a series of apertures termed spiracles. 

A somewhat similar disposition of parte is met with in birds, these being in many cases furnished not only 
with hollow bones, but also (especially the aquatic ones) with a liberal supply of air-sacs. They are likewise pro- 
vided with a dense covering of feathers or down, which adds greatly to their bulk without materially increasing 
their weight. Their bodies, moreover, in not a few instances, particularly in birds of prey, are more or less flattened. 
The air-sacs are well seen in the swan, goose, and duck ; and I have on several occasions minutely examined them 
with a view to determine their extent and function. In two of the specimens which I injected, the material 
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employed had found its way not only into those usually described, but also into others which ramify in the sub- 
stance of the muscles, particularly the pectorals. No satisfactory explanation of the purpose served by these air- 
sacs has, I regret to say, been yet tendered. According to Sappey,^ who has devoted a large share of attention to 
the subject, they consist of a membrane which is neither serous nor mucous, but partly the one and partly the 
other ; and as blood-vessels in considerable numbers, as my preparations show, ramify in their substance, and they 
are in many cases covered with muscular fibres which confer on them a rhythmic movement, some recent observers 
(Mr. Drosier *^ of Cambridge, for example) have endeavoured to prove that they are adjuncts of the lungs, and there- 
fore assist in aerating the blood. This opinion was advocated by the celebrated John Hunter as early as 1774,^ 
and is probably correct, since the temperature of birds is higher than that of any other class of animals, and because 
they are obliged occasionally to make great muscular exertions both in swinmiing and flying. Others have viewed 
the air-sacs in connection with the hollow bones frequently, though not alwajrs, found in birds,^ and have come to 
look upon the heated air which they contain as being more or less essential to flight. That the air-cells have 
absolutely nothing to do with flight is proved by the fact that some excellent fliers (take the bats, for example) 
are destitute of them, while birds such as the ostrich and apteryx, which are incapable of ftying, are provided with 
them. Analogous air-sacs, moreover, are met with in animals never intended to fly ; and of these I may instance 
the great air-sac occupying the cervical and axillary regions of the orang-outang, the float or swinmiing-bladder in 
fishes, and the pouch communicating with the trachea of the emu.'^ 

The same may be said of the hollow bones — some really admirable fliers, as the swifts, martins, and snipes, 
having their bones filled with marrow, while those of the wingless running birds alluded to have air. Furthermore 
and finally, a living bird weighing 10 lbs. weighs the same when dead, plus a very few grains ; and all know what 
effect a few grains of heated air would have in raising a weight of 10 lbs. from the ground. 

§ 380. How Balancing is efTected in Flight, the Sound produced by the Wing, &c. 

The maimer in which insects, birds, and bats balance themselves in the air has hitherto, and with reason, been 
regarded as a mystery, for it is difficult to understand how they maintain their equilibrium when the wings are beneath 
their bodies. In the bird and bat, where the stroke is delivered more vertically than in the insect, the baits of 
support is increased by the tip of the wing folding inwards and backwards in a more or less horizontal direction at 
the end of the down stroke ; and outwards and forwards at the end of the up stroke. This is accompanied by the 
rotation of the outer portion of the wing upon the wrist as a centre, the tip of the wing, because of the ever- 
varying position of the wrist, describing an ellipse. In insects whose wings are broad and large (butterflies), and 
which are driven at a comparatively low speed, the balancing power is diminished. In insects whose wings, on 
the contrary, are long and narrow (blow -flies), and which are driven at a high speed, the balancing power is increased. 
It is the same with short and long-winged birds, so that the function of balancing is in some measure due to the 
form of the wing, and the speed with which it is driven ; the long wing and the wing made to vibrate with great 
energy increasing the capacity for balancing. When the body is light and the wings very ample (butterfly and 
heron), the reaction elicited by the ascent and descent of the wings displaces the body to a marked extent. When, 
on the other hand, the wings are small and the body large, the reaction produced by the vibration of the wing 
is scarcely perceptible. Apart, however, from the shape and dimensions of the wing, and the rapidity with which 
it is urged, it must never be overlooked that all wings (as has been pointed out) are attached to the bodies of the 
animals bearing them by some form of universal joint, and in such a manner that the bodies, whatever the position 
of the wings, are accurately balanced, and swim about in a more or less horizontal position, like a compass set upon 
gimbals. To such an extent is this true, that the position of the wing is a matter of indiSerence. Thus the pinion 
may be above, beneath, or on a level with the body ; or it may be directed forwards, backwards, or at right angles 
to the body. In either case the body is balanced mechanically and without effort. To prove this point I made 

* Sajjpy enumemtps fifteen air-sacs — tlie thornciCy situated at the lower part of the neck, behind tlie sternum ; two cervical^ which nm the 
whole lengtii of the neck to the he^d, which they supply with air ; two pairs of anterior, and tico jmirs of posterior diaphragmatic ; and ftropairy 
of ahdomiiinJ. 

* ''On the Functions of the Air-cells and the Mechanism of Respiration in Bii-ds," by W. H. Drosier, M.D., Caius Ck>llege. {Proc, Camh. 
PhiL SiK.. Feb. 12, 1866.) 

^ '* An Account of certain Receptacles of Air in Birds which communicate with the Lungs, and are lodged among the Fleshy Parts and in 
the Hollow Bones of these Animals." {Phil. Trans. ^ London, 1774.) 

* According to Dr. Crisp, the swallow, martin, snipe, and many birds of passage have no air in their bones {Proc. Zooi. Site., Londou. 
part XXV. 18.57, p. 13). The same author, in a second comnmnication (pp. 216 and 216), adds that the glossy starling, spotted fly-catcher, whin- 
chat, wood-wren, willow-wren, black-headed bunting, and canary, five of which are bii-ds of |)a8sage, have likewise no air in their bone«. Tbf 
following is Dr. Crisp's summary: Out of ninety-two birds examined he found "air in many of the l>ones, five {Palconida) : air in the huiwri 
and not in the inferior extremities, thirty-nine ; no air in the extremities and probably none in the other bones, forty-eight." 

* Nearly allied to this is the great gular ijouch of the bustai-d. Sjiecimens of the air-sac in the orang, emu, and bustard, and likewise of lAe 
air-sacs of the swan and goose, as jirepared by me, may l)e seen in the Museum of the Ro}ti1 College of Surgeons of England, London. 
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an artificial bird, taking care to unite the roots of the wings to the upper part of the body by means of universal 
joints. I found, as I had anticipated, that in whatever position the wings were placed, whether above, beneath, 
OT on a level with the body, or on either side of it, the body almost instantly attained a position of rest. The 
body was, in fact, equally suspended and balanced from all points. 

! 381. Rapidity of Wing Movements partly accounted for. 

Much surprise has been expressed at the enormous rapidity with which some wings are made to vibrate. The 
wing of the insect is, as a rule, very long and narrow. As a consequence, a comparatively slow and very limited 
movement at the root confers great range and immense speed at the tip ; the speed of each portion of the wing 
increasing as the root of the wing is receded from. This is explained on a principle well understood in mechanics, 
namely, that when a rod hinged at one end is made to move in a circle, the tip or free end of the rod describes 
a much wider circle in a given time than a portion of the rod nearer the hinge. This principle is illustrated at 
Fig. 510. Thus if a, 6 of Fig. 510 be made to represent the rod hinged at x, it travels through the space rf, 6, / 
in the same time it travels through ;, i, I ; and through ;, i, I in the same time it travels through g, h, i ; and 
through g, h, i in the same time it travels through ^, a, c, which is the area occupied by the thorax of the insect. 
If, however, the part of the rod 6 travels through the space rf, 6, / in the same time that the part a travels through 
the space 6, a, c, it follows of necessity that the portion of the rod marked 
a moves very much slower than that marked 6.^ ..--\ c^^^ 

The muscles of the wing of the insect are applied at the point a, as y^ \\^ / ^^^^ 

short levers (the point referred to corresponding to the thorax of the ,"' \\ j/ \ 

insect), so that a comparatively slow and limited movement at the / '\ / \^ \ 

root of the wing produces the marvellous speed observed at the tip ; / K a/^ \ \ 

the tip and body of the wing being those portions which occasion the / A^/ \ '* \ 

blur or impression produced on the eye by the rapidly oscillating pinion, j^ rr ( \ /r jA \h \ 

But for this mode of augmenting the speed originally inaugurated by 1 'V^ ' ' / 

the muscular system, it is difficult to comprehend how the wings could \^ o// \ -'' / / 

be driven at the velocity attributed to them. The wing of the blow-fly \ /' \ /'' / 

is said to make 300 strokes per second, that is, 18,000 per minute. \ /J /V'''^ ' 

Now it appears to me that muscles to contract at the rate of 18,000 ^\ /J/i \ / 

times in the minute would be exhausted in a very few seconds, a state ""^vj/ \ ,''"^' 

of matters which would render the continuous fl^ht of insects impos- p ^.^ 

sible. (The heart contracts generally between sixty and seventy times 

in a minute.) I am, therefore, disposed to believe that the number of contractions made by the thoracic 
muscles of insects has been greatly overstated ; the high speed at which the wing is made to vibrate being 
due less to the separate and sudden contractions of the muscles at its root than to the fact that the speed 
of the difEerent parte of the wing is increased in a direct ratio as the several parte are removed from the 
driving point, as already explained. Speed is certainly a matter of great importance in wing movemente, as 
the elevating and propelling power of the pinion depends to a great extent upon the rapidity with which it 
IB urged. Speed, however, may be produced in two ways — either by a series of separate and opposite move- 
mente, such as is witnessed in the action of a piston, or by a series of separate and opposite movemente acting 
upon an instrument so designed, that a movement applied at one part increases in rapidity as the point of 
contact is receded from, as happens in the wing. In the piston movement the motion is uniform, or nearly so ; 
all parte of the piston travelling at the same speed. In the wing movemente, on the contrary, the motion is 
gradually accelerated towards the tip of the pinion, where the pinion is most effective as an elevator and 
propeller, and decreased towards the root, where it is least effective — an arrangement calculated to reduce the 
number of muscular contractions, while it contributes to the actual power of the wing. This hypothesis, it 
will be observed, guarantees to the wing a very high speed, with comparatively few reversals and comparatively 
few muscular contractions. 

In the bat and bird the wings do not vibrate with the same rapidity as in the insect, and this is accounted for 
by the circumstance, that in them the muscles do not act exclusively at the root of the wing. In the bat and bird 

* lu this diagram I have imrj)osely represented the right wing by a straight rigiil rod. The natural wing, liowever, is ciu-ved, flejtihle, and 
eUiatic It likewise moves in curttSy the curves being most marked towards the end of the up and down strokes, as shown at m, n, o, p. The 
carves, which are double Hgure*of-8 curves, are obliterated towards the middle of the strokes (a, r). This remark holds true of all natural wings, 
and of all artificial wings properly constructed. The curves and the reversal thereof are necessary to give continuity of motion to the wing during 
its vibrations, and, what is not less important, to enable the wing alternately to Heize and dismiss the air. 
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the muscles run along the wing towards the tip for the purpose of flexing or folding the wing prior to the up stroke, 
and for opening out and expanding it prior to the down stroke. 

As the wing must be folded or flexed and opened out or expanded every time it is elevated and depressed, 
and as the muscles producing flexion and extension are long muscles with long tendons, which act at long distances 
as long levers, and comparatively slowly, it follows that the great short muscles (pectorals, &c.) situated at the 
root of the wing must act slowly likewise, as the muscles of the thorax and wing of necessity act together to produce 
one pulsation or vibration of the wing. What the wing of the bat and bird loses in speed it gains in power, the 
muscles of the bat's and bird's wing acting directly upon the points to be moved, and under the most favourable 
conditions. In the insect, on the contrary, the muscles act indirectly, and consequently at a disadvantage. If the 
pectorals only moved, they would act as short levers, and confer on the wing of the bat and bird the rapidity 
peculiar to the wing of the insect. 

The tones emitted by the bird's wing would in this case be heightened. The wings of the swan in flying produce 
a loud whistling sound, and those of the pheasant, partridge, and grouse a sharp whirring noise like the stone of 
a knife-grinder. 

It is a mistake to suppose, as many do, that the tone or note produced by the wing during its vibrations is 
a true indication of the number of beats made by it in any given time. This will be at once understood when 
I state, that a long wing will produce a higher note than a shorter one driven at the same speed and having the 
same superficial area, from the fact that the tip and body of the long wing will move through a greater space in 
a given time than the tip and body of the shorter wing. This is occasioned by all wings being joined at their 
roots, the sweep made by the different part» of the wing in a given time being longer or shorter in proportion to 
the length of the pinion. It ought, moreover, not to be overlooked, that in insects the notes produced are not 
alwa3rB referable to the action of the wings, these, in many cases, being traceable to movements induced in the legs 
and other parts of the body. 

It is a curious circumstance, that if portions be removed from the posterior margins of the wings of a buzzing 
insect, such as the wasp, bee, blue-bottle, fly, &c., the note produced by the vibration of the pinions is raised in 
pitch. This is explained by the fact, that an insect whose wings are curtailed requires to drive them at a much 
higher speed in order to sustain itself in the air. That the velocity at which the wing is urged is instrumental 
in causing the sound, is proved by the fact, that in slow-flying insects and birds no note is produced ; whereas in 
those which urge the wing at a high speed, a note is elicited which corresponds within certain limits to the number 
of vibrations and the form of the wing. It is the posterior or thin, flexible margin of the wing which is more 
especially engaged in producing the sound ; and if this be removed, or if this portion of the wing, as is the case in 
the bat and owl, be constructed of very soft materiab, the character of the note is altered. An artificial wing, 
if properly constructed and impelled at a sufficiently high speed, emits a drumming noise which closely resembles 
the note produced by the vibration of short-winged, heavy-bodied birds, all which goes to prove that sound is a 
concomitant of rapidly vibrating wings. 

§ 382. The Wing Area Variable and in Excess. 

The travelling surfaces of insects, bats, and birds engaged in flight greatly exceed those of fishes and swinuning 
animals ; the travelling surfaces of swimming animals being greatly in excess of those of animals which walk and 
run. The wing area of insects, bats, and birds varies very considerably, flight being possible within a compara- 
tively wide range. Thus there are light-bodied and large-winged insects and birds — as the butterfly (Fig. 2, Plate 
clxv., p. 1198) ; and others whose bodies are comparatively heavy, while their wings are insignificantly small — as 
the sphinx moth and Goliath beetle (Fig. 3, Plate clxv.) among insects, and the grebe, quail, and partridge (Fig. 4. 
Plate clxv.) among birds. 

The apparent inconsistencies in the dimensions of the body and wings are readily explained by the greater 
muscular development of the heavy-bodied, short- winged insects and birds, and the increased power and rapidity 
with which the wings in them are made to oscillate. In large-winged animals the movements are slow ; in small- 
winged ones comparatively very rapid. This shows that flight may be attained by a heavy, powerful animal with 
comparatively small wings, as well as by a lighter one with enormously enlarged wings. While there is apparently no 
fixed relation between the area of the wings and the animal to be raised, there is, unless in the case of sailing birds.^ 

* In biitls whi(fh skim, sail, or j?li(l»?, Xhv )iinion is j^reatly eloii<(ato(l or riblxm -shaped, and the weiglit of the body is made to o])erate upon 
the inclined planes formed by the wings in sueh a manner that the biitl, when it has once got fairly under way, is in a measure 8elf-8Upi)ortin>r- 
This is e8i)eeially the ease when it is pro<'eeding against a slight breeze — the wind and the inclined i>lanes resulting from the upwani iDoliDatioo 
of the wings reacting u|X)n each other, with this very remarkable result, that the mass of the biin moves steadily fonn'ards in a more or le« 
horizontal direction. 
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an unvarying relation between the weight of the animal, the area of its wings, and the number of oscillations 
made by them in a given time. 

Perhaps the best examples of a heavy-bodied, small-winged and a moderately heavy, large-winged bird that 
can be adduced are afforded by the diver and grey gull respectively. I happened to obtain fresh specimens of these 
two birds on the same day, and found, curiously enough, that each weighed exactly two pounds. The disparity 
(and it was very striking) was chiefly observable in the wings ; the wings of the diver being scarcely a quarter the 
size of those of the gull. Photographs of the two birds with the wings fully expanded, as in flight, are given at 
Plate clxxvi.. Figs. 1 and 2, p. 1271. The wings are seen separately in Plate clxxi., Figs. 7 and 8, p. 1240. 

I append measurements in confirmation. 



Measurements of the Body and Wings of the Diver 

Length of body from tip of beak to tip of tail . 18 ins. 

Girth of body at widest part of chest . 14 „ 

Length of b^k, head, and neck 7 „ 

Length of body 9i^ „ 

Length of tail H ^ 

Expanse of wings from tip to tip, measured across back . 26" „ 

Length of wing from root to tip lU ,« 

Breaath of wing where widest ^1 >> 

Breadth of primary feathers where widest . 2j „ 

Breadth of secondary feathers where widest . . 3 „ 

Width of secondaries nearest the body . • 3| „ 



Mkasurements of the Body and Wings of the Sea-gull 



Length of body from tip of beak to tip of tail . 22i i 

Qirth of body at widest part of chest . I3i 

Length of beak, head^ and neck 8| 

Length of body U 

Length of tail 6| 

Expanse of wings from tip to tip, measured across back . 52 

Length of wing from root to tip 2o 

Breadth of wing where widest ..... 7 
Breadth of primary feathers where widest .6 

Breadth of secondary feathers where widest . . .8 
Width of secondaries nearest the body . . • 7^ 



ins. 
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DRAGON FLY, BUTTERFLY, HOUSE SPARROW, &c. 

That no fixed relation exists between the area of the wings and the size and weight of the body, is evident 
on comparing the dimensions of the wings and bodies of the several orders of insects, bats, and birds. If such 
comparison be made, it will be found that the pinions in some instances diminish while the bodies increase, and the 
converse. No practical good can therefore accrue to aerostation from elaborate measurements of the wings and 
trunks of any flying thing ; neither can any rule be laid down as to the extent of surface required for sustaining 
a given weight in the air. The wing area is, as a rule, considerably in excess of what is actually required for the 
purposes of flight. This is proved as follows. First by the fact that bats can carry their yoimg without incon- 
venience, and birds elevate surprising quantities of fish, game, carrion, &c. I had in my possession at one time 
a tame barn-door owl which could lift a piece of meat a quarter of its own weight, after fasting four-and-twenty 
hours ; and an eagle, as is well known, can carry a moderate-sized lamb with facility. 

The excess of wing area is proved, secondly, by the fact that a large proportion of the wings of most volant 
animals may be removed without destroying the power of flight. I instituted a series of experiments on the wings 
of the fly, dragon-fly, butterfly, sparrow, &c., with a view to determining this point in 1867. The following are 
the results obtained : — 

Blue-battle Fly. — Experiment 1. Detached posterior or thin half of each wing in its long axis. Flight perfect. 

Exp, 2. Detached posterior ttoo-thirds of either wing in its long axis. Flight still perfect. I confess I was 
not prepared for this result. 

Exp. 3. Detached one-third of anterior or thick margin of either pinion obliquely. Flight imperfect. 

Exp. 4. Detached one-half of anterior or thick margin of either pinion obliquely. The power of flight 
completely destroyed. From Experiments 3 and 4 it would seem that the anterior margin of the wing, 
which contains the principal nervures, and which is the most rigid portion of the pinion, cannot be mutilated 
with impunity. 

Exp. 5. Removed one-third from the extremity of either wing transversely, that is, in the direction of the short 
axis of the pinion. Flight perfect. 

Exp. 6. Removed one-half from either wing transversely, as in Experiment 5. Flight very slightly (if at all) 
impaired. 

Exp. 7. Divided either pinion in the direction of its long axis into three equal parts, the anterior nervures 
being contained in the anterior portion. Flight perfect. 

Exp. 8. Notched two-thirds of either pinion obliquely from behind. Flight perfect, 
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Exp. 9. Notched anterior third of either pinion transversely. The power of flight destroyed. Here, as in 
Experiment 4, the mutilation of the anterior margin was followed by loss of function. 

Exp. 10. Detached posterior two-thirds of right wing in its long axis, the left wing being untouched. 
Flight perfect. I expected that this experiment would result in loss of balancing-power ; but this was not 
the case. 

Exp. II. Detached half of right wing transversely, the left one being normal. The insect flew irregularly 
and came to the ground about a yard from where I stood. I seized it and detached the corresponding half of the 
left wing, after which it flew away, as in Experiment 6. 

Dragon-Fly. — Exp. 12. In the dragon-fly either the first or second pair of wings may be removed without 
destroying the power of flight. The insect generally flies most steadily when the posterior pair of wings are detached, 
as it can balance better ; but in either case flight is perfect, and in no degree laboured. 

Exp. 13. Removed one-third from the posterior margin of the first and second pairs of wings. Flight in 
nowise impaired. 

If more than a third of each wing be cut away from the posterior or thin margin, the insect can still fly, but 
with effort. 

Experiment L3 shows that the posterior or thin, flexible margins of the wings may be dispensed with in flight. 
They are more especially engaged in propelling. Compare with Experiments 1 and 2. 

Exp. 14. The extremities or tips of the first and second pair of wings may be detached to the extent of 
one-third, without diminishing the power of flight. Compare with Experiments 5 and 6. 
If the mutilation be carried further, flight is laboured, and in some cases destroyed. 

Exp. 15. When the front edges of the first and second pairs of wings are notched or when they are removed, 
flight is completely destroyed. Compare with Experiments 3, 4, and 9. 

This shows that a certain degree of stiffness is required for the front edges of the wings, the front edges 
indirectly supporting the back edges. It is, moreover, on the front edges of the wings that the pressure, more 
especially, falls in flight, and by these edges the major portions of the wings are attached to the body. The 
principal movements of the wings are communicated to these edges. 

Butterfly. — Exp. 16. Removed posterior halves of the first pair of wings of a white butterfly. Flight perfect. 
Exp. 17. Removed posterior halves of first and second pairs of wings. Flight not strong but still perfect. If 
additional portions of the posterior wings were removed, the insect could still fly, but with great effort, and came 
to the ground at no great distance. 

Exp. 18. When the tips (outer sixth) of the first and second pairs of wings were cut away, flight was in 
nowise impaired. When more was detached the insect could not fly. 

Exp. 19. Removed the posterior wings of a brown butterfly. Flight unimpaired. 

Exp. 20. Removed in addition a small portion (one-sixth) from the tips of the anterior wings. Flight still 
perfect, as the insect flew upwards of ten yards. 

Exp. 21. Removed in addition a portion (one-eighth) of the posterior margins of anterior wings. The insect 
flew imperfectly, and came to the ground about a yard from the point where it commenced its flight. 

House Sparrow. — The sparrow is a heavy small-winged bird, requiring, one would imagine, all its wing area. 
This, however, is not the case, as the annexed experiments show. 

Exp. 22. Detached the half of the secondary feathers of either pinion in the direction of the long axis of the 
wing, the primaries being left intact. Flight as perfect as before the mutilation took place. In this experiment, one 
wing was operated upon before the other, in order to test the balancing-power. The bird flew perfectly, either 
with one or with both wings cut. 

Exp. 23. Detached the half of the secondary feathers and a fourth of the primary ones of either pinion in 
the long axis of the wing. Flight in nowise impaired. The bird, in this instance, flew upwards of thirty yards, 
and, having risen a considerable height, dropped into a neighbouring tree. 

Exp. 24. Detached nearly the half of the primary feathers in the long axis of either pinion, the secondaries 
being left intact. When one wing only was oj)erate(l upon, flight was perfect ; when both were tampered with, it 
was still perfect, but slightly laboured. 

Exp. 25. Detached rather more than a third of both primary and secondary feathers of either pinion in the 
long axis of the wing. In this case the bird flew with evident oxortion, hut was able, notwithstanding, to attain 
a very considerable altitude. 

From experiments 1, 2, 7, 8, 10, 13, 1(1, 22, 23, 2t. and 25, it would appear that great liberties may be taken 
with the posterior or thin margin of the wing, and tho dinionsions of the wing in this direction materially reduced, 
without destroying, or even vitiating in a marked dogn'c. the ])()wors of fliglit. This is no doubt owing to the fact 
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indicated by Sir George Cayley, and fully explained by Mr. Wenham, that in all wings, particularly long narrow 
ones, the elevating power is transferred to the anterior or front margin. 

Exp, 26. Removed alternate primary and secondary feathers from either wing, beginning with the first primary. 
The bird flew upwards of fifty yards with very slight efEort, rose above an adjoining fence, and wheeled over it a 
second time to settle on a tree in the vicinity. When one wing only was operated upon, it flew irregularly and 
in a lopsided manner. 

Exp, 27. Removed alternate primary and secondary feathers from either wing, beginning with the second 
primary. Flight, from all I could determine, perfect. When one wing only was cut, flight was irregular or lopsided, 
as in Experiment 26. 

From Experiments 26 and 27, as well as Experiments 7 and 8, it would seem that the wing does not of necessity 
require to present an unbroken or continuous surface to the air, such as is witnessed in the pinion of the bat, and 
that the feathers, when present, may be separated from each other without destroying the utility of the pinion. In 
the raven and many other birds the extremities of the first four or five primaries divaricate in a marked manner. 
A similar condition is met with in the AlucUa hexadactyla, where the delicate feathery-looking processes com- 
posing the wing, are widely removed from each other. The wing, however, ceteris paribus, is strongest when the 
feathers are not separated from each other, and when they overlap, as then they are arranged so as mutually to 
support each other. 

Exp, 28. Removed half of the primary feathers from either wing transversely, that is, in the direction of 
the short axis of the wing. Flight very slightly, if at all, impaired when only one wing was operated upon. 
When both were cut, the bird flew heavily, and came to the ground at no very great distance. This mutilation 
was not followed by the same result in Experiments 6 and 11. On the whole, I am inclined to believe that the 
area of the wing can be curtailed with least injury in the direction of its long axis, by removing successive portions 
from its posterior margin. 

Esyp, 29. The carpal or wrist-joint of either pinion rendered immobile by lashing the wings to slender reeds, 
the elbow-joints being left free. The bird, on leaving the hand, fluttered its wings vigorously, but after a brief 
flight came heavily to the ground, thus showing that a certain degree of twisting and folding, or flexing of the 
wings, is necessary to the flight of the bird, and that, however the superficies and shape of the pinions may be 
altered, the movements thereof must not be interfered with. I tied up the wings of a pigeon in the same manner, 
with a precisely similar result. 

The birds operated upon were, I may observe, caught in a net, and the experiments made within a few 
minutes from the time of capture. 

Some of my readers will probably infer from the foregoing, that the figure-of-8 curves formed along the 
anterior and posterior margins of the pinions are not necessary to flight, since the tips and posterior margins of 
the wings may be removed without destroying it. To such I reply, that the wings are flexible, elastic, and com- 
posed of a congeries of curved surfaces, and that so long as a portion of them remains, they form, or tend to form, 
figure-of-8 curves in every direction. 

Captain F. W. Hutton, in a paper " On the Flight of Birds " (Ibis, April 1872), refers to some of the experi- 
ments detailed -above, and endeavours to frame a theory of flight, which differs in some respects from mine. His 
remarks are singularly inappropriate, and illustrate in a forcible manner the old adage, '^ A little knowledge is a 
dangerous thing." If Captain Hutton had taken the trouble to look into my memoir " On the Physiology of 
Wings," communicated to the Royal Society of Edinburgh on the 2nd of August 1870,^ fifteen months before his 
own paper was written, there is reason to believe he would have arrived at very different conclusions. Assuredly 
he would not have ventured to make the rash statements he did make, the more especially as he attempts to con- 
trovert my views, which are based upon anatomical research and experiment, without making any dissections or 
experiments of his own. 

§ 383. The Wing Area decreases as the Size and Weight of the Volant Animal increases. 

While, as explained in the last section, no definite relation exists between the weight of a flying animal and 
the size of its flying surfaces, there being, as stated, heavy-bodied and small-winged insects, bats, and birds, and 
the converse ; and while, as I have shown by experiment, flight is possible within a wide range, the wings being, as 
a rule, in excess of what are required for the purposes of flight ; still it appears, from the researches of M. de Lucy, 
that there is a general law, to the effect that the larger the volant animal the smaller by comparison are its flying 

* "On the Physiology of Wings, l>ein«^ un Analysis of the MovcinenUs hy which Flight is produced in the Insect, Bat, and Bird." {Trans, 
Roy, Sue, of Edi-nhurgh, vol. xxvi.) 
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surfaces. The existence of such a law is very encouraging as far as artificial flight is concerned, for it shows that 
the flying surfaces of a large, heavy, powerful flying machine will be comparatively small, and consequently com- 
paratively compact and strong. This is a point of very considerable importance, as the object desiderated in a 
flying machine is elevating capacity. 

M. de Lucy has tabulated his results, which I subjoin : ^ — 



INSECTS. 



BIRDS. 



Xamks. 



Gnat .... 
• Draj(on-fly (small) 
, Coccinella (lady-bird) 

Draj^on-fly (common) . 

Tipula, or daddy-long-legs 

j .DcO .... 

I Meat-fly . 
' Drone (blue) 
' C^ockchafer . 

T \ Stag-beetle (female) 

( Stag-beetle (male) 

Rhinoceros-beetle .... 



Referred to the 
Kilogramme j 

^ 2 ll>8. 8 oi. 3 dwt 2 pr. ! 
Avoird. 
= 2 1ht. 3 OK. 4-428 dr. 



sq. 

yds. ft. in. 

11 8 92 

7 2 56 

5 13 87 

5 2 



NAMK8. 



3 

1 
I 



89 

5 n 

2 74i 

3 54j 



Swallow 
I Sparrow 
I Turtle-dove 
I Pigeon . 
' Stork . 

Vulture 

Crane of Australia 



I 2 20 

I 2 50 

I 1 39i 

8 33 

6 122* 



to the 
Kilogramme. 


yda. 
1 





ft. 

1 
5 
4 
2 


in. 
104 
142 

loa 

113 





2 


20 





1 


116 








139 



"" It is easy, by the aid of this table, to follow the order, always decreasing, of the surfaces, in proportion as the 
winged animal increases in size and weight. Thus, in comparing the insects with one another, we find that the 
gnat, which weighs 4(50 times less than the stag-beetle, has fourteen times more of surface. The lady-bird weighs 
150 times less than the stag-beetle, and possesses five times more of surface. It is the same with the birds. The 
sparrow weighs about ten times less than the pigeon, and has twice as much surface. The pigeon weighs about 
eight times less than the stork, and has twice as much surface. The sparrow weighs 339 times less than the 
Australian crane, and possesses seven times more surface. If now we compare the insects and the birds, the 
gradation will become even much more striking. The gnat, for example, weighs 97,000 times less than the pigeon, 
and has forty times more surface ; it weighs 3,000,000 times less than the crane of Australia, and possesses 149 
times more of surface than this latter, the weight of which is about 9 kilogrammes 500 grammes (25 lbs. 5. oz. 9 dwt. 
troy, 20 lbs. 15 oz. 2J dr. avoirdupois). 

**The Australian crane is the heaviest bird that I have weighed. It is that which has the smallest amount 
of surface, for, referred to the kilogramme, it does not give us a surface of more than 899 square centimetres (139 
square inches), that is to say about an eleventh part of a square metre. But every one knows that these 
grallatorial animals are excellent birds of flight. Of all travelling birds they undertake the longest and most 
remote journeys. They are, in addition, the eagle excepted, the birds which elevate themselves the highest, 
and the flight of which is the longest maintained." ^ 

The several points discussed in the foregoing pages can be readily verified and established by a reference 
to natural wing structures and natural wing movements. I have gone into the subject somewhat exhaustively, 
realising very fully the important bearing which natural wings and natural wing movements have upon artificial 
flight in all its forms. I therefore propose to take up in succession, and very fully illustrate from original 
photographs, drawings, and dissections : — 

Ist. The wings and wing movements of insects. 

2nd. The wings and wing movements of birds, and 

3rd. The wings and wing movemonts of bats and of pterodactyls (extinct flying reptiles). 



* " On tlu' Fliglit of Hinls, of Biits. and of Inwits. in n I'mncr to tin* snlycct of Aenal L<K.'<nnotion," ]>y M. dc Lucy, Paris. 
^ M. (\v Lucy, op. cit. 
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ALL WINGS CONSTRUCTED ON A COMMON PRINCIPLE, NAMELY, 

THAT OF THE HELIX OR SCREW 

Before dealing with the several wings and wing movements in detail, it is important to point out that all 
wings are formed upon a common pattern and act upon a common principle. This is true even of some of the 
^ringed seeds, as, for example, those of the ash and plane trees. 

I append two plates of drawings taken from nature for the present work illustrating the structure of the 
wing in the insect, bird, and bat. A careful study of the figures of these plates shows conclusively that all wings 
ire triangular in shape ; the base of the triangle being directed towards the bodies of the volant animals. The 
figures also show that each wing is carefully graduated, and that it tapers off in two directions, namely, from the 
root in the direction of the tip, and from the anterior margin in the direction of the posterior margin. The root 
and anterior margin of the wing are always the strongest parts. 

The wing is elastic throughout ; the tip and posterior margin yielding most when subjected to pressure. The 
elasticity and unequal yielding of the wing when it is made to vibrate in the air are of the utmost consequence in 
flight, as they necessitate the forward travel of the wing, and of the body to which the wing is attached during 
the down and up strokes. They also cushion the wing and help it over its dead points during its upward and 
downward reciprocating movements. 

While all wings have the same general appearance, structure, and function, they vary slightly as regards 
number. Thus, in insects, there may be two wings, as in the blue-bottle fly ; two main and two subsidiary wings, 
us in the wasp and cicada ; four large wings, as in the dragon-fly and butterfly ; two large wings and two elytra or 
wing-cases, as in the locust, and the stag and other large beetles. The elytra or wing cases serve two purposes ; they 
protect the wings when their possessors are resting, and they act as aeroplanes and parachutes during active flight. 
In flight they are extended on either side of the body, and, as they make a slight upward angle with the horizon 
Eind are concave beneath, they act as true kites. The elytra do not beat the air as ordinary wings do. 

When there are two large and two small subsidiary wings, as in the wasp and bee, the two wings on either 
side of the insect are generally united by hooks and act as one wing. When there are four wings, and coupling 
books are absent, as in the dragon-fly, the two wings on each side act simultaneously, but separately. 

At times, as in the water-bugs, the gradation or tapering of the wings is efiected by a modification or blending 
3f what are practically elytra and wings ; the anterior part of each wing being hard, horny, and chitinous — the 
posterior part being membranous. The hard, horny part tapers off at the tip and posteriorly, and the wing, as 
i whole, affords an excellent example of a triangular, graduated, elastic wing. 

In the Aliicita hexadadyla, the two wings are broken up into long, thin, flat, ribbon-shaped winglets bordered 
with fine hairs, which effectually entangle the air in flight, especially during the down stroke. They present a 
broken surface like the feathers of the wing of the bird during flexion. In certain birds, the primary or rowing 
feathers are separated towards their free extremities in extension and during the down stroke. In such cases the 
sips of the rowing feathers act independently. In insects, bats, and pterodactyls, the rule is continuity of the wing 
membrane. 

In the locust, the wings proper, when at rest, can be folded up like fans. In the large beetles, they are folded 
jransversely, and neatly tucked up imder the elytra or wing-cases. 

With few exceptions the wings of insects are transparent. This is especially the case in the dragon-fly and 
ncada, which reveal the graduated, gossamer, filmy texture of the wing to perfection. 

All the points referred to above are illustrated in Plates clxvi. and clxvii. which follow. 

PLATE CLXVI 

Plate clxvi. illustrates the important fact that all wings, whether those of insects, birds, or bats, are formed 
>n a conmion pattern, and act on a conmion principle. Thus they are, without exception, triangular in shape, 
slastic, and carefully graduated ; being thickest at the root and along the anterior margin, and thinnest at the 
tip and along the posterior margin. 

They elevate and propel at one and the same time ; the tips of the wings acting more especially as elevators, 
the posterior margins as propellers. Wings, in every instance, are convex above and concave below ; an arrange- 
ment which enables them largely to evade the superimposed air during the up stroke, and to seize the nether air 
luring the down stroke. They are slightly twisted in the direction of their length ; a circumstance due to the 
interior and posterior margins being arranged in different planes and forming double / or figure-of-8 curves. In 
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PLATE CLXVI {continuM) 

jrief, all wings are screws structurally and functionally. (The figures in this plate are drawn from nature by 
. Berjeau.) 






Fig. I. — A. The water-bug (Belostoma). Shows triangular, beautifully graduated, elastic, concavo-convex wing. ^/, Semi-rigid 
Ulterior margin tapering from the root to the tip of the wing ; />, thin, filmy, elastic, posterior margin of wing. The tip and pos- 
terior margin of the wing yield more than the root and anterior margin when the wing is made to vibrate in the air. The tip and 
posterior margin of the wing are the most efficient and active portions in flight. 

B. The humming-bird. Displays a most dainty, exquisitely formed concavo-convex wing composed of bones, muscles, and 
feathers ; the latter radiating in an outward and backward direction. The feathers which take part in flight are divided into 
primary or rowing feathers (tip of wing), secondaries (middle portion of wing), and tertiaries (root of wing). The wing resembles 
iQ all respects that of the insect, with this difference, that the primary, secondary, and tertiary feathers open up and separate 
luring flexion and the up stroke, and close during extension and the down stroke. The wing of the insect, and also that of the 
bat, presents a continuous unbroken surface during both the up and down strokes, a, Semi-rigid anterior margin tapering from 
root to tip of wing; />, posterior thin, elastic, yielding margin of wing formed by the free ends of the primary, secondary, and 
tertiary feathers. 

C. The bat. In the bat, the peculiarities of the wing of the insect and bird are repeated. Thus, the wing is triangular in 
shape, concavo-convex, and elastic throughout. It tapers from the root towards the tip, and from the anterior towards the 
posterior margin. It is thickest, strongest, and most rigid at the root and along the anterior margin (a), and thinnest, weakest, 
and most elastic along the posterior margin (A). It presents a continuous membrane to the air during l>oth the up and down 
strokes, as in the insect ; it, however, partially closes or folds during the up stroke and fully expands during the down stroke 
as in the bird. The wing consists of muscles, bones, and a continuous elastic membrane which is supported by the bones 
of the arm, fore-arm, and hand, and by the bones of the thigh, leg, and tail. It is a most elegantly constructed, serviceable 
wing, the bats being splendid flyers. 

Fig. 2. — A. The stag beetle {Maeroihntia cnriciynm). This insect provides typical wings, and, in addition, elytra or wing-cases. 
The wing, like those already described, tapers, and is thickest at the root and along the anterior margin (a), and thinnest at 
the tip and along the posterior margin (/>). The elytron or wing-case (r) is concavo-convex, and during flight is extended and 
directed forwards so as to bo well out of the way of the wing when it is made to vibrate. When the insect is reposing the 
elytron occupies a position parallel with the body, one- half of the dorsal surface of which it covers— the corresponding wing 
being folded and tucked up beneath it. The elytron is composed of a light, tough, chitinous material, and acts as a parachute 
during flight — a function which it is well fitted to discharge, its under surface being deeply concave. 

B. The swallow-tail butterfly {Papilio nuirhaon). This is one of the swiftest of the butterflies. It has four wings : the 
anterior pair being triangular, elongated, and particularly well formed for elevating purposes, the posterior pair being etjually 
well adapted for propelling purposes. The wings, as in other cases, are strongest at the root and along the anterior margin (a) 
and weakest at the tip and along the posterior margin {h and d). They are concavo-convex and elastic. The nervures or supports 
of the wing radiate outwards and backwards as in the wings of the bird and bat. The wings display all the peculiarities of ordinary 
wings both as regards structure and movement. 

C. The goliath beetle. This insect possesses a very perfect wing, both as regards shape and structure. It is triangular in 
form, concavo-convex, beautifully graduated, and elastic throughout. It displays to perfection the nervures or supports of the 
wing ; these radiating in an outward and backward direction, as in the primary, secondary, and tertiary feathers of the wing of the 
bird. The nervures are most numerous and strongest at the root and along the anterior margin of the wing (n\ and least 
numerous and feeble at the tip and along the posterior margin (6). The wing folds upon itself at a, when the insect is reposing, 
in which case the wing is arranged on the back and covered by its elytron (c). The elytra, in all the beetles, act as aeroplanes and 
parachutes during flight — their chief function being the protection of the wings when the animals are moving about on the ground 
or resting. 



PLATE CLXVII 

Plate clxvii. — The figures of this plate are accurate delineations of several types of insect wings drawn from 
nature for the present work by C. Berjeau. They are structurally identical with the wings figured in Plate clxvi., 
those of the AlucUa hexadactyla, which are anomalous, excepted. 

Fig. 1. — A. The dragon-fly {Petal urn tjigantfa). The wings in this case are four in number — two anterior and two posterior, 
the posterior wings being slightly larger than the anterior ones. They are, in some respects, the most beautiful wings known. 
They are transparent and filmy, and reveal the most exquisite reticulations and tracery. The nervures or supports of the wings 
flow in graceful curved lines in an outward and backward direction, and, as the substance of the wings is mapped out into 
innumerable minute squares and pentagons, the general effect is that of the most delicate filigree work or the finest of lace. The 
nervures are thickest at the roots and along the anterior margins of the wings, and thinnest and fewest along the posterior margins. 
The wings are characterised by great length and narrowness, a circumstance which ensures great rapidity of flight. The dragon-fly 
is by far the swiftest of all the insects ; indeed it lives by hawking other flies. It is a perfect master in the art of flight, and its 
graceful evolutions in the air transcend those of every other flying thing. It is doubtful whether it can be captured when careering 
about in the open. The little hobby falcon of Bulgaria is said to be equal to this feat. The swallow is certainly no match for it, 
as I myself have been able to verify. Its flight closely resembles tliat of the swift, which is also remarkable for its great length and 
sweep of wing. The inconceivable suddenness with which the dragon-fly swerves to right or left and changes and checks its course 
makes it next to impossible for a bird heavier than it is to seize it. It literally plays with all other flying things. I know of no 
more wonderful sight than is aflorded by a gaudily coloured dragon-fly hunting ouietly in a glade with a smooth-flowing stream, its 
gorgeous pigmentation flashing ever and anon like tire. Its steady, rapid, onwara flight, its graceful wheeling in every direction, its 
upward and downward movements and absolute control of the situation furnish an idyll for the much desired flying machine of the 
future. To see it hunted in turn by a swallow, swift, or other quick flying bird is the most exciting of all racing events. All 
other feats of wingmanship pale before that of the dragon-fly. I have seen an eagle hunting grouse, and a kestrel swooping down 
on small birds, but the sport is tame when compared with that in which the dragon-fly figures. The movements of the dragon-fly 
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PLATE CLXVII (cofUinued) 

are ao marvellouBly swift and smooth, and so thoroughly under control, that it is impossible to conceive of anything finer in the 
way of flight. 

B. Alucila hexadactyla. The wings of this insect are more or less anomalous. They are triangular in shape and graduated 
as other wings are. They, however, differ in this, that they are split up into numerous thin, flat, narrow winglets, each of which 
is edged with a plentiful supply of delicate hairs, which are directed downwards and outwards from the centre of the winglet. 
The winglet with its fringe of hairs on each side is conical on section, the apex of the cone being directed upwards. This arrange- 
ment ensures that the winglets and their marginal hairs shall close up and entangle the air during the down strokes, and open 
up and permit it to escape during the up strokes. A fretted, partially broken surface is one of the best possible for entangling 
and seizing the air. The winglets act together, or simultaneously, during both the down and up strokes. In not a few birds, 
Buch as the vulture, eagle, heron, gannet, crow, pheasant, &c., in full extension and the down stroke, the primary or rowing feathers 
of the wing separate slightly at their free extremities. In all birds, the primary, secondary, and tertiary feathers separate, open up, 
and are thrown out of gearing during flexion and the up stroke. The arrangement of the winglets in the AlnciUi hexadactylay 
although anomalous, is not wholly opposed to the arrangement of the feathers engaged in flight in birds. 

C. The locust. This well-known and much-dreaded insect is provided with two large posterior wings and two anterior pseudo- 
wings or elytra. Both are transparent and gauzy-looking, as in the dragon-fly. The posterior wings are triangular in shape, 
and their nervures or supports radiate outwalks and backwards. They can be folded up like fans. They are feeble structures — 
the locust being by no means a powerful flier. The pseudo-wings or elytra are long, narrow structures which correspond with 
the anterior portions of the posterior wings. When the locust is reposing and the posterior wings are folded up they cover and 

Erotect them. When the locust is flying they stand out at right angles to the body and act as aeroplanes or parachutes. I 
ave frequently pursued flying locusts on the Riviera and marked their manner of flight. They fly comparatively slowly, and their 
movements are laboured and heavy. They make little progress unless when favoured by a stiffish breeze. They are, of course, 
comparatively heavy insects, and their wings, as stated, are structurally weak and feeble. 

Fig. 2. — A. Beetle {Augusoma centaurus). This insect presents an example of a heavy body and small wings with elytra or wing- 
covers. The wings are triangular in shape and transparent. Their ner^'ures or wing supports are directed outwards and backwards, 
and are strongest at the root and along the anterior margin of the wing and weakest at the tip and along the posterior margin. 
This arrangement causes the wing to twist and untwist in the direction of its length when it is made to vibrate— the thinnest 
portion of the wing yielding most freely to air pressure. The anterior margin of the wing forms, in a way, an axis round which 
the posterior margin plaits or twists. The elytra or wing-covers are deeply concave beneath, and form excellent parachutes or 
sustainers. The beetles, although heavy, are exceedingly good fliers, and their flight is generally accompanied by a musical drone 
which is very pleasant to listen to in the twilight or when the evening falls. 

B. The cockroach (Tetradyta p^jrom). The wings of this insect are composed of two hard, chitinous, graduated portions and two 
membranous portions which are hooked together to form two compound wings. Each compound wing is triangular in shape and 
beautifully gnuluated — the wing being thickest at the root and along the anterior margin, and thinnest at the tip and along the 
posterior margin. The cockroach, as was to be expected from its finely formed wings, is an admirable flier. 

C. The bluebottle fly, considerably enlarged. This familar insect has long, narrow, transparent wings, and is a remark- 
ably fine flier. Its flight is characterised by a booming musical note which is as characteristic of summer as the note of the cuckoo 
is of spring. Its wings are ample towards the tips, and their nervures or supports are arranged to give the necessary strength to 
these parts. The nervures radiate outwards and backwards, and are strongest at the roots and anterior margins of the wings 
and most feeble at the tips and posterior margins. The insect lends itself readily to experiment, and I find that if I remove the 

rsterior margin of each wing by scissors I reduce the propulsive powers of the insect ; whereas if I remove the tips of the wings 
reduce the elevating power. This is in some respects an important experiment, as it differentiates the functions performed 
by the several parts of the wings. 

D. The sphinx moth. The wings of the moth are four in number, but they act together as two wings. The two wings 
taken together are long, narrow, and pointed, and are of a thick, soft texture. The moths are heavy insects, but the contour 
of the wings is such as to ensure them great powers of flight. The wings are non-transparent, but their nervures or wing supports 
can be traodd. They are arranged as in other insects, and radiate in an outward and backward direction, being strongest at the 
root and anterior margin and weakest at the tip and posterior margin. Whenever long, narrow, pointed wings are found, speed 
and power of flight can be predicated with certainty, whether in the insect, bat, or bird. 

E. The cicala {C. septemdenm) This is one of the best flying insects ; its body being compact and finely formed, and its 
wings, which are four in number, being ample, long, and somewhat narrow. The body and wings are carefully adapted to each 
other, and the spectator is impressed with the idea of fitness in the general arrangements. The wings are beautifully transparent, 
and the nervures or supports of the wings radiate in an outward and backward direction and are connected by transverse nervures 
which produce an open network. The nervures forming the anterior margins of the front wings are finely graduated, and taper 
from the root in the direction of the tips of the wings. The wings of the cicada may be regarded as typical wing structures. It 
is a curious circumstance that the winged seed of the plane tree greatly resembles them, both as regards general contour and 
venation (compare with Plate iv.. Fig. 6). 

F. Another variety of cicada. This insect greatly resembles that described under E ; the body being larger and the wings 
not quite so ample. The wings are four in number and deeply pigmented. The general shape and arrangement of the nervures 
of the wings is that met with in other insect wings, and need not be gone into. They are a repetition of those seen at £. 

Fig. 3. — Diagram showing the movements made by the four wings of the dragon-fly during flight. The first thing to 
notice is that the posterior margins of the wings (/, j) twist or yaw round the anterior margins ((/, h) as an axis, and so produce 
double-/ or figure-of-8 curves. The extent or range of the up and down strokes is indicated at r, s. 

It will be observed that at the beginning of the down stroke the anterior margin (d) of the wing is directed downwards and 
forwards ; the posterior margin (/) being directed upwards and backwards. At the end of the down stroke all this is reversed ; 
the anterior margin (y, h) of the wing is directed upwards and forwards ; the posterior margin (t, j) being directed downwards 
and backwards. This is due to the fact that during the down stroke the posterior margin twists or plaits round the anterior 
margin as an axis. In the diagram, it is the upper or dorsal surface of the wmg which is seen at /, d (beginning of down stroke), 
whereas it is the under or ventral surface which is seen at /t, j (end of down stroke). The wings of the dragon-fly pursue an 
oblique, more or less horizontal direction during the down stroke, but this can be varied so as to become more vertical at the 
will of the insect. 

The winged seeds of the ash and plane trees remarkably resemble in structure the wings of the insect, 
bird, and bat. 
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Thus the seed of the plane tree is armed with two wings which are triangular in shape, and which are thickest 
at the root and along the anterior margin, and thinnest at the tip and along the posterior margin. They are also 
beautifully graduated in the directions indicated, and the venation of each wing wonderfully accords with the 
nervures of the wing of the insect, with the primary and secondary feathers of the wing of the bird, and with the 
fingers which afford support to the fljong membrane of the wing of the bat. 

The seed of the ash tree is remarkable in this, that it is twisted upon itself in the direction of its length, 
and forms a true screw, resembling the blade of an ordinary screw propeller as employed in steam navigation. 
Here again there is conmiunity of type with wings, which also form screws. 

When the wings of insects, birds, and bats are viewed from above or from beneath, their anterior and posterior 
margins are apparently arranged in one plane. They are not so in reality. When they are viewed from before 
or behind, it is seen that the margins are arranged in different planes, and present double-/ figure-of-8 curves; 
the wings, as a matter of fact, being slightly twisted in the direction of their length and forming screws. Even 
the primary or rowing feathers of the wing of the bird reveal the screw formation. 

The wing of the bird during flexion and extension also displays the double-/ figure-of-8 curves along its margins. 

When the wings are made to vibrate, the double-/ curves formed by their margins, as well as the planes of the 
wings, reverse. They thus form reciprocating screws — all wings being screws structurally and functionally. These 
several points are illustrated at Plate clxviii., which see. 



PLATE CLXVIII 

Plate clxviii. — The figures of this plate illustrate the spiral nature of the wing of the insect, bird, and bat: 
also the spiral nature of the primary or rowing feathers of the wing of the bird, and the spiral nature of certain 
winged seeds. 

Fig. 1. — The wing of the beetle (GolMthm mu'ans)^ as seen from above (upper figure) and from behind (lower figure). The 
lettering is the same in both figures, rf, e, /, Anterior margin of wing ; r, a, ft, posterior margin of wing. The thin, highly 
flexible posterior margin twists or yaws round the semi-rigid anterior margin or axis when the wing is made to vibrate in the air. 
It displays double figiire-of-8 curves when moving and also when at rest. 

Fig. 2. — The wing of the bird {Ptrdrix rulrra) shows the same points as in Fig. 1, the lettering being the same. 

Fig. 3. — The wing of the bat shows the same points as in Figs. 1 and 2. The letters are the same in all three 
figures. 

Fig. 4. — The first primary feather of the wing of the swan seen from above (upper Fig. A) and from before 
(lower Fig. B). Shows the same points as in Figs. 1, 2, and 3. The feather is beautifully curved in every direction, and forms 
a perfect mimic wing. It is convex above and concave below, and its margins display the double-/ figure-of-8 curves to per- 
fection. On transverse section (upper Fig. A) it also displays the /or double curve (c, g). It consists of the following parts: % 
midrib (/, e), which is concavo-convex and tapers from the root to the tip ; an anterior margin (c, rf), which curves slightly douii- 
wards at the proximal end of the feather and slightly upwards at the distal end ; the posterior margin (6, a) curving in exactly 
opposite directions, namely, upwards at the proximal end and downwards at the distal end. The opposite curves made by the 
anterior and posterior margins of the feather are the homologues of similar curves made by the wing of the insect, bird, and bat, 
and bring into relief its screw structure. The opposite curves made by the wing of the bird in flexion and extension are seen 
at Fig. 8 of this plate. They are all double or /curves. At A of Fig. 8, the wing is flexed as seen during the up stroke ; at C, it 
is extended as seen during extension and the down stroke. 

Fig. 5.— The seed of the ash tree (Fraxinus excelsior). This seed is twisted in the direction of its length like the blade 
of the ordinary screw propeller employed in steamships. Its margins exhibit the double figure-of-8 curves in a marked manner, 
and show unmistakable evidence of community of structure (as far as outline is concerned) with the wing of the insect, bird, and 
Imt, and w ith the chief wing feathers (primaries) of the bird. The seed of the ash is a winged seed, and the object of its screw 
configuration lies on the surface. It is intended to retard the fall of the seed, and so aff"ord it an opportunity of being wafted by 
the wind to considerable distances where there is room to plant itself. It is most interesting to watch the shedding of the seeds 
of the ash tree in the autumn. If there be no breeze, they twirl round and round in a leisurely manner and fall not far from the 
root of the parent tree. If, however, a stiffish breeze springs up, they are whisked away, in some instances, to quite remarkable 
distances. The same is true of the seed of the plane tree, which is the most perfect example of a winged seea known. 

Various other examples of winged seeds might be cited, prominent among w hich are the thistledow n and goat's-beard— the 
latter forming a most elegant and perfect parachute. 

Fig. 6.— The seed of the plane tree (Arer pscudoplatayius). This seed is remarkable in many ways : (o) as regards its wei|;ht: 
(/*) as regards its sliape ; and (c) as regards its venation. It is a heavy double seed (a) united in the middle, and provided with two 
very perfect wings resembling in all respects the wings of insects, birds, and bats (compare with the upper figures of Figs. 1, 2, ami 3 
of this plate). The wings have all the characteristics of genuine wings ; that is, they are triangular in shape, are elastic, and 
taper in two directions, namely, from the root in the direction of the tip, and from the anterior margin in the direction of the 
posterior margin. They have a thick, tapering, semi-rigid, anterior margin (/>) and a thin, flexible, posterior margin (r), and the 
venation or wing supports curve outwards and backwards as in all the wings described. It would be difficult to produce a more 
perfect example of design and type in nature than is afforded by this winged seed. It shows that types are not confined to any 
one division of the organic kingdom, and that the First Cause employs the same or similar means to produce like results. 

The winged seed of the plane tree twirls alK)ut in its fall as does the ash seed, and it is only when winds are blowing that it 
is carried to any considerable distance. 
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PLATE CLXVIII {rontifiH^d) 

Fio. 7. — Shows double-/ figure-of-8 curves made by the margins of the wing of the bird during flexion and extension. 
A. The line which intersects the curves during the movements in question. The solid line and darts indicate the double-/ 
curves made by the wing in extension ; the interrupted lino and darts that made during flexion. 

Fig. 8. — Represents the wing of the bird in the flexed (A), semi-flexed (B), and extended (0) condition. The margins of the 
wings (r, a, />, fi, t^ f) are arranged in different planes, and make double-/ figure-of-8 curves. In Fig. A (flexion) the posterior 
margin (c, n^ h) makes a double-/ curve, the convexity of which is directed upwards at r and do nwards at 6. In Fig. B (extension; 
the curves are reversed ; the convexity of the curve at c being directed downwards, while the convexity of the curve at h is directed 
upwards. In Fig. B (semi-flexion and point of reversion) the curves on the posterior margin (c, h) of the wing are obliterated. 

The wing in action is continually making, unmaking, and reversing its curves — a matter of the utmost importance, as by this 
means it is enabled to suddenly seize and suddenly let go the air on which it operates with such manrellouB results. 

The figures in this plate are by G. Berjeau and the Author. 



THE WINGS OF INSECTS 

§ 384. Anterior Wings (Elytra or Wing-cases)— their Shape and Uses. 

The wings of insects inay consist either of one or two jiairs — the anterior pair, when two are present, being 
in some instances greatly modified and presenting a corneous condition. When so modified, they cover the 
posterior wings when the insect is rejKwing, and have from this circumstance been named eljrtra, from the Greek 
eXvrpov, a sheath. The elytra, or wing-cases, as they are sometimes called, are dense, rigid, and opaque in the 
beetles, solid in one part and membranaceous in another in the cockroaches, more or less membranous throughout 
in the grasshopjwrs, and completely membranous in the dragon-flies. The elytra are inclined at a certain angle 
when extended, and are indirectly connected with flight in the beetles, cockroaches, and grasshoppers. They are 
actively engaged in this function in the dragon-flics and butterflies. The elytra or anterior wings are frequently 
employed as sustahiers or gliders in flight, the jwsterior or true wings acting more particularly as elevators and 
propellers. In such cases the elytra are twisted upon themselves after the manner of wings, the anterior margin 
of the wing-case towards its root, or where it joins the body, being bent dovmvmrds and forwards, while towards 
its extremity it is bent upwards and haekwards. The anterior margin consequently presents two curves, the 
convexity of the curve nearest the body being directed downwards and forwards, the convexity of that furthest 
away from the body being, on the contrary, directed upwards and backwards. Similar but reverse curves are 
found on the posterior margin, so that the air which is caught by the concavity occurring towards the extremity of 
the wing-case anteriorly is prevented from escaping toivards the root of the wing-case in a forward direction by 
the elytra in this situation, as has been explained, being bent downwards and forwards. It is therefore compelled 
to pursue a spiral, oblique, and backward course along the under surface of the wing-case, until it arrives at the 
root of the wing-case posteriorly, where it is liberated. 

The curves observed on the anterior and posterior margins of the wing-case are essentially the same as those 
met with in corresponding positions in the wing of the bird. In many insects both the anterior and posterior 
pairs of wings are membranous. 

S 38s The Posterior Wings— their Nervures, Form, Function, &c. 

The wings of insects present different degrees of o^mcity, those of the moths and butterflies being non-transparent, 
those of the dragon-flies, bees, and common flies presenting a delicate, filmy, gossamer-like appearance. Both the 
anterior and ])08terior jjairs of wings have this feature in common, and it is fundamental : they are composed 
of a duplicature of the integument or investing membrane, and are strengthened in various directions by a system 
of hollow, horny tubes, known to entomologists as the nervures. These nervures taper towards the extremity 
of the wing, and are strongest towanls its root and anterior margin, where they supply the place of the arm 
in birds and bats. They are variously arranged. In the beetles they pursue a somewhat longitudinal course, 
and are jointed to admit of the wing being folded up transversely beneath the elytra.^ In the locusts they 
diverge from a common centre after the manner of a fan, so that by their aid the wing is crushed up or expanded 
as recjuired ; whilst in the dragon-fly, where no folding is recjuisite, they form an exquisitely reticulated structure. 
The neune, it may be remarked, are strongest in the beetles where the body is heavy and the wing small. Thev 
decrease in thickness as those conditions are reversed, and entirely disapi)ear in the minute Chalets and PsHusr 
The function of the neura? has not been ascertained ; but as they contain spiral vessels which apparently com- 

* Tlif wind's nf tin- May-fly juv foM«'d tiJiii>vt*r>«ly ami lon^niinlinally as well, so that tln'y aiv (.Tiini|»liMl uj) into little 8(|iiares. 

* Kirby and S|Mnot', vol. ii., 5lh odilioii. [». »G2. 
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mimicate with the tracheae of the trunk, some have regarded them as being connected with the respiratory system, 
whilst others have looked upon them as the receptacles of a subtle fluid, which the insect can introduce and with- 
draw at pleasure to obtain the requisite degree of expansion and tension in the wing. Neither hypothesis is 
satisfactory, as respiration and flight can be performed in their absence. They appear to me, when present, rather 
to act as mechanical stays or stretchers, in virtue of their rigidity and elasticity alone — their arrangement being 
such that they admit of the wing being folded in various directions, if necessary, during flexion, and give it the 
requisite degree of firmness during extension. They are, therefore, in every respect analogous to the skeleton of 
the wing in the bat and bird. In those wings which, during the period of repose, are folded up beneath the elytra, 
the mere extension of the wing in the dead insect, where no injection of fluid can occur, causes the nervures to 
faM into position, and the membranous portions of the wings to imfurl or roll out precisely as in the living insect, 
and as happens in the bat and bird. This result is obtained by the arrangement of the neurae at the axis or root 
of the wing, the anterior one occupying a higher position than that further back, as in the leaves of a fan. The 
spiral arrangement occurring at the axis extends also to the margins, so that wings which fold up or close, as 
well as those which do not, are twisted upon themselves, and present a certain degree of convexity in the one 
direction and concavity in the other — ^their free edges suppljring those fine curves which act with such efficacy upon 
the air in obtaining the maximum of resistance and the minimum of displacement. As illustrative examples 
of the form of wing alluded to, that of the sphinx-moth, beetle, and house-fly may be cited ; the pinions in those 
insects act as helices or twisted levers, and elevate weights much greater than the area of the wing would seem 
to warrant. The insects adverted to fly, as a rule, with great accuracy and speed, and frequently in a straight 
line. The twisting of the wing upon itself before and during its action, to which I have directed attention, occurs 
also in the wing of the bat and bird, and has not, so far as I am aware, been adverted to in any of the existing 
treatises on flight. It is occasioned in the bird and bat by the spiral configuration of the articular surfaces of the 
bones of the wing, and by the rotation of the bones of the arm, fore-arm, and hand upon their long axes. In the 
insect it is due to the conformation of the shoulder-joint, this being furnished with a system of check ligaments, 
and with homy prominences or stops, set, as nearly as may be, at right angles to each other, and fashioned so 
as to necessitate the wing acting in the manner specified. The view here promulgated is discussed at length 
further on, and is calculated, it appears to me, to throw additional light on the theory and practice of flight. The 
t¥r]sting is least marked in those insects and birds whose wings are large as compared with their bodies. The 
butterfly may be cited as an example. Here the wings are unusually ample and, as a consequence, unusually 
flattened. The flat form of wing is, however, not calculated to act with velocity and precision, or to impress the 
air favourably. In other words, it does not respond to the rotation which occurs in all wings during flexion and 
extension to the same extent as the more twisted form, and as a result it smites the air clumsily, a circumstance 
which, taken in conjunction with the small body of the insect, fully explains the faltering, irregular course 
described by the order. 

§ 386. The Threefold Action of the Wing in Insects. 

The wing in the insect, as has been stated, is more flattened than in the bird ; and advantage is taken on 
some occasions of this circumstance, particularly in heavy-bodied, small-winged, quick-flying insects, to reverse 
the pinion completely during the down and up strokes — the wing, during its descent, having its anterior or thick 
margin inclined upwards and forwards, whereas, during its ascent, the anterior or thick margin is inclined upwards 
and backwards. The object of this arrangement is to increase the elevating power, while it does not necessarily 
impair the propelling power. This is effected in the following manner : The posterior margin of the wing is 
made to rotate, during the down-stroke, in a direction from above dovonwards and from behind forwards — the 
anterior margin travelling in an opposite direction and reciprocating. The wing may thus be said to attack 
the air by a screwing movement from above. During the up or return stroke, on the other hand, the posterior 
margin of the wing is made to rotate in a direction from below upwards and from before backwards, so that by a 
similar but reverse screwing motion, the pinion attacks the air from beneath, A figure-of-8, compressed laterally 
and placed obliquely with its long axis running from left to right of the spectator, represents the movements in 
question. The down and up strokes, as will be seen from this account, cross each other, the wing smiting the 
air during its descent, from above, as in the bird and bat, and during its ascent, from below, as in the flying-fish 
and boy's kite. The pinion thus acts as a helix or screw in a more or less horizontal direction, from behind forwards 
and from before backwards ; but it has a third function. It likewise acts as a screw in a nearly vertical direction 
from below upwards. It is to the upward screwing, or third function, that the wing of the insect owes its great 
elevating power. The threefold action of the insect's wing is well seen in the humble-bee, bee, wasp, house- 
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fly, and crane-fly. The threefold action of the wing is more perceptible in the wing of the insect than in the biid 
and bat ; and this is most probably due to the fact that the wing of the insect, with few exceptions, is in one 
piece, the maximum and minimum of surface being secured by a simple rotation of the pinion on its long axis ; 
whereas in the bird and bat it is in several pieces, the pinion, in addition to being rotated on its long axis, having 
its area more or less increased in extension and decreased in flexion. 

The wing rotates on its long axis in opposite directions during extension and flexion, that is, during its 
descent and ascent ; and if the rotation be conducted sufficiently far, it acts as an elevator in both directions, 
propulsion being performed almost exclusively by the more vigorous play of the pinion during its descent. 

The position of the wings during repose, as well as their condition, varies ; the wings in one case being folded 
transversely and arranged on the back, as in the beetle : in another they are folded both longitudinally and 
transversely, as in the May-fly ; whilst in a third they are crushed together like a fan, as in the locust. When 
not folded, they may be raised vertically above the body, or slightly lowered, or extended horizontally, or inclined 
downwards, as in the roof of a house. 

The movements of the wings in insects, birds, and bats are essentially the same. It is otherwise with the 
structure of the wings, the wing of the insect being in some respects rudimentary as compared with that of the 
bird and bat. The pinion in either case is to be regarded as a living, delicately organised structure, whose parts 
and proportions are adjusted with mathematical accuracy to the strength of the animal and the rapidity of the 
vibrations necessary to raise its weight from the ground. The wing, as a rule, is more or less triangidar in shape, 
the base of the triangle being directed towards the body, the sides anteriorly and posteriorly. It is also conical 
on section from within outwards and from before backwards, this shape converting the pinion into a delicately 
graduated instrument, balanced with the utmost nicety, to satisfy the requirements of the muscular system on 
the one hand and the resistance and resiliency of the air on the other. Those conditions are necessary to correct 
the unequal strain to which the different portions of the wing are exposed in action, as well as to prevent shock 
to the system. While all wings are graduated as explained, innumerable varieties occur as to their general contoni, 
some being falcated or scythe-like, others oblong, others rounded or circular, some lanceolate, and some linear. 
Thus far a parallelism may be established between the wing of the insect, bird, and bat ; but when we come to 
speak of the margins of the pinion, we And the wings of birds and bats present little variety, whereas those of 
insects may be crenated, dentated, ciliated, fimbriated, digitated, or caudated. Still greater difterences occur 
as to surfaces, the wings of bats and birds presenting a uniform appearance, those of insects being hairy, naked, 
farinose, scaly, veined, reticulated, and striated, as happens. 

§ 387- Flight essentially a Spiral, Gliding Movement. 

The angle at which the wing acts most efficaciously as a propeller and elevator, as indicated by an examina- 
tion of the pinion of the living insect, bird, and bat when fully extended and ready to give the effective stroke, 
is something like one of 30^ with the horizon. It varies, however, as has been explained, according as the animal 
is ascending, descending, or progressing at a high speed — the angle being least when the speed is greatest. As 
the angle referred to could not be uniformly maintained without a rotatory motion which would wrench the wings 
from their fixings, the wing is made to rotate on its long axis to the extent of something less than a quarter of a 
turn in one direction during extension, and a corresponding amount in an opposite direction during flexion. Since 
the wing, in performing this movement, travels from the plane of least resistance till it makes the angle in 
question, and back again, at each vibration, a certain degree of power is dissipated in simply applying and with- 
drawing the wing surfaces. The movement, moreover, is not quite so uniform as it would be if complete rotation 
supervened. On this head, however, there is little ground for complaint, the wing being presented to and with- 
drawn from the air with such dexterity as to rob flight to a great extent of its inequalities, and convert it into 
a more or less perfect gliding movement. The down and up strokes, being essentially different and opposite 
movements, tend likewise to equalise each other. The gliding referred to is occasioned by the gradual extension 
and depression of the wing, during the down stroke, and its gradual flexion and elevation during the return or 
up stroke, the one movement, in fact, gliding into the other. The wing in action consequently describes a spiral 
course from within outvxirds, and from above downtoards, during extension or the effective down stroke, and from 
without inwards, and from below upwards, during flexion or the back up stroke. The result of this is, that the 
wing is piercing the wind in two directions at nearly the same instant of time — the interval which is consumed 
in extending and flexing the pinion being devoted principally to applying it to and withdrawing it from the air; 
that which elapses during the down and up strokes to urging the animal upwards and forwards. That the wing 
rotates upon its long axis, as explained, may be readily ascertained by watching the movement in the larger 
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domestic fly. If the wing be viewed during its vibrations from above, it will be found that the blur, or 
impression produced on the eye by its action, is more or less concave (the under surface of the blur being convex). 
This is due to the fact that the wing is spiral in its nature, and because, during its action, it twists upon itself 
in such a manner as causes it to describe a double curve, the one curve being directed upwards, the other down- 
wards. The double curve or wave-track referred to is particularly evident in the flight of birds, from the greater 
size of their wings.^ It may not inaptly be compared to the blade of an ordinary screw propeller, as employed 
in navigation. The effect obtained, moreover, is in some respects analogous, since the great velocity with which 
the wing is driven converts the impression or blur into what is equivalent to a solid for the time being in the 
same way that the spokes of a wheel in violent motion, as is well understood, completely occupy the space con- 
tained within the rim or circumference of the wheel. The following differences are to be noted, and they are 
of importance, as they seem to prove very satisfactorily the inmiense superiority of the wing over every form of 
screw propeller yet constructed. 

§ 388. Points wherein the Screw formed by the Wings difTers from the Propellers in use in Steamships. 

1. In the blade of the ordinary screw propeller the integral parts are rigid and unyielding, whereas in the 
blade of the screw formed by the wing, and in the twisted blur produced by its action, they are mobile and 
plastic. This is a curious and interesting point, the more especially as it does not seem to be either appreciated 
or understood. The mobility and plasticity of the wing are necessary, because the pinion is an elevating and sustain- 
ing organ, as well as a propelling one. 

2. The vanes of the ordinary two-bladed screw propeller have, as a rule, a very limited area, this corresponding 
to their area of revolution. The wings, on the other hand, have a wide range, and during their elevation and 
depression rush through an extensive space, the slightest movement at the root or axis of the wing being followed 
by a gigantic up or down stroke at the other extremity. As a consequence, the wings always act upon suc- 
cessive and undisturbed strata of air. The advantage gained by this arrangement in a thin medium like the air, 
where the quantity to be compressed is necessarily great, is simply incalculable. 

3. In the ordinary screw the blades follow each other in rapid succession, so that they travel over nearly the 
same space, and operate upon nearly the same particles, whether water or air, in nearly the same interval of 
time. The limited area at their disposal is consequently not utilised, the action of the two blades being con- 
fined, as it were, to the same plane, and the blades being made to precede or follow each other in such a manner 
as necessitates the work being virtually performed only by one of them. This is particularly the case when 
the motion of the screw is rapid and the mass propelled is in the act of being set in motion, that is before it has 
acquired momentum. In this instance a large percentage of the moving or driving power is inevitably consumed 
in slip, from the fact of the blades of the screw operating on nearly the same particles of matter. It is otherwise 
with the wings. Here the blades, and the blurs which the blades produce when moving, are widely separated 
— ^the one being situated on the right side of the body and corresponding to the right wing, the other on the left 
and corresponding to the left wing. The wings do not therefore follow each other and travel over the same space, 
or compress the same particles, at any stage of their progress. On the contrary, the right wing traverses and 
completely monopolises the right half or hemisphere of a circle, the left wing in like manner appropriating and 
converting to its own uses the left and remaining half. The range or sweep of the two wings, when urged to their 
extreme limits, corresponds as nearly as may be to one entire circle.^ By thus separating the blades of the screw, 
as happens in the wings, a double result is produced ; since the blades always act upon independent colimms of 
air, and in no instance overlap or double upon each other. The advantages possessed by this arrangement are 
particularly evident when the motion is rapid — the natural screws formed by the wings being most efficient when 
the artificial ones are least so. As there is practically no limit to the velocity with which the wings may be driven, 
and as increased velocity necessarily results in increased elevating, propelling, and sustaining power, we have here 
a striking example of the manner in which Nature triumphs over art even in her most ingenious, skilful, and 
successful creations. 

There is yet another advantage which ought not to be overlooked. The same power which propels a screw 
composed of two blades will suffice, or very nearly suffice, for driving the detached, widely separated blades of 
the screw formed by the wings. 

* The late Duke of Argyll was of opinion that the curvature of the wing in birds is oiling to the elasticity and bending upwards of the 
tips of primarr, secondary, and tertiary feathers during the down stroke. It,' however, also occurs in the icings of insects ana bats, which are 
devoid of feathers ; so that I am inclined to refer it, as stated, to the conformation of the wing and to its peculiar mode of action. 

• Of this circle, the thorax may be regarded as forming the centre, the abdomen, which is always heavier than the head, tilting the body 
slightly in an upward direction. This tilting of the trunk favours flight by causing the body to act after the manner of a kite. 
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4. The vanes or blades of the screw, as commonly constructed, are fixed at a given angle, and consequently 
always strike at the same degree of obliquity. Here, again, power is lost, the two vanes striking after each other 
in the same manner, in the same direction, and almost at precisely the same moment — ^no provision being made 
for increasing the angle and the propelling power, at one stage of the stroke, and reducing them at another, to 
diminish the amount of slip incidental to the arrangement. This result is obtained in marvellous perfection in 
the wings, and by a very simple contrivance, the angle which the pinions make with the horizon being gradually 
increased by the wings rotating on their long axes during the down or effective stroke, as it is usually termed, 
to increase the elevating and propelling power, and gradually decreased during the up or non-effective one to 
reduce the resistance occasioned by their ascent and backward movement, while it actually increases the stuktin- 
ing area by placing the wing in a more horizontal position. It follows from this arrangement that every particle 
of air within the wide range of the wings is separately influenced by them, both during their ascent and descent 
— the elevating, propelling, and sustaining power being by this means increased to the utmost, while the slip 
or waftage is reduced to an infinitesimal and almost nominal amount. The effect aimed at is further secured 
by the undulatory or wave-like track described by the wing during the down and up strokes ; and it is a some- 
what remarkable circumstance that the wing, when not actually engaged as a propeller and elevator, acts as a 
sustainer after the manner of a parachute. This it can readily do, alike from its form and the mode of its 
application, the double curve or spiral into which it is thrown in action enabling it to lay hold of the air with 
avidity, in whatever direction it is urged. I say " in whatever direction," because, even when it is being recovered 
or drawn off the wind during the back stroke, it is climbing a gradient which arches above the body to be elevated, 
and so prevents it from falling. It is difficult to conceive a more admirable, simple, or effective arrangement, 
or one which would more thoroughly economise power. Indeed, a study of the spiral configuration of the wing, 
and its spiral movements, involves some of the most profound problems in mathematics. The curves formed 
by the pinion as a pinion anatomically, and by the pinion in action or physiologically, are the most elegit and 
precise which it is possible to imagine : these run into each other, and merge and blend, to consunmoate the triple 
function of elevating, propelling, and sustaining. If further proof were necessary, it would be found in the fact 
that, during the down or effective stroke, the anterior and under extremity of the tip of the wing lays hold of the 
air with a biting or concave surface in a direction from above downwards, from behind forwards, and from without 
inwards, and forces it along a spiral groove on the under surface of the wing to the root of the same, where it 
causes it to escape by a convex one. 

The under or ventral surface of the pinion is therefore engaged in elevating, propelling, and sustaining in 
a compound sense, one portion (the tip or outer part) scaling or climbing upwards and onwards, the root or 
inner portion aiding and abetting by pushing in a similar direction from beneath. In the return or back stroke, 
as has been explained, the curves formed by the under surface of the wing are reduced in such a manner as to 
decrease the amount of friction, while they increase, rather than diminish, the extent of sustaining area, the back 
or upper convex surface of the pinion being turned in the direction in which the wing travels during its ascent. 

5. In the ordinary screw propeller of commerce, the bilge or backwater of the one blade is urged towards 
and interferes with the action of the opposite blade ; whereas in the wings, which are of necessity separated by 
the body which bears them, there is no such hindrance, and in fact no impediment whatever, each blade — ^that is. 
each wing — being free to utilise to the utmost the large subsidies of air on which it depends for support and progress. 

6. The axis of revolution in the ordinary screw propeller corresponds to the plane of progression. The axes 
of the wings, on the other hand, are at right angles to it. The wings may therefore be said to combine, during 
their action, the grasp and steadiness of the paddle with the easy, subtle, gliding motion peculiar to the screw. 

Other differences might be pointed out ; but the foregoing embrace the more fundamental and striking. 
Enough, moreover, has been said to show that it is to wing structures and wing movements the aeronaut must 
largely direct his attention, if he would learn " the way of an eagle in the air," and if he would rise upon the 
whirlwind in accordance with natural laws. 



THE WING A TWISTED LEVER OR HELIX— ITS MODE OF ACTION IN THE INSECT, &c. 

The twisting, screw-like action of the wing on its long axis during the up and down strokes, as well as the range 
of the pinion, are seen to advantage in the blow-fly. It c^n readily be made out by fixing the insect and holding 
it, with its head directed towards the 8j)ectator, aj^ainst a dark background. The twisting in question is most 
marked in the posterior or thin margin of the wing, the anterior and thicker margin performing more the part 
of an axis. As a result of this arrangement, the anterior or thick margin cuts into the air quietly, and as it 
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were by stealth, the posterior one producing on all occasions a violent commotion, especially perceptible if a 
flame be exposed behind the insect. That the wing twists upon itself structurally, not only in the insect, but also 
in the bat and bird, any one may readily satisfy himself by a careful examination ; and that it twists upon itself 
during its action, I have had the most convincing and repeated proofs. Indeed, it is matter for surprise that 
the spiral conformation of the pinion, and its spiral mode of action, should have eluded observation so long ; and 
I shall be pardoned for dilating upon the subject when I state my conviction that it forms the fundamental and 
distinguishing feature in flight, and must be taken into account by all those who seek to solve this most involved 
and interesting problem by artificial means. 

§ 389. Arrangement for Moving the Wings of Insects, &c. 

In all insects, with the exception of the dragon-flies, the muscles which play the wings are confined within 
the barrel-shaped thorax to which the wings are articulated. They consist of a vertical and a transverse set — 
the transverse set, by their contraction, compressing the cylinder laterally, and causing its mesial portion to ascend, 
and the wings to descend, the vertical set, by their contraction, compressing the cylinder from above downwards, 
and causing the wings to ascendj in proportion as the vertical measurement of the thorax is reduced by lateral 
bulging. While the wings are ascending and descending, they are obliged to rotate on their long axes — the spiral 
configuration of the joints and the arrangement of the elastic and other structures which bind them to the body 
conferring on them the various degrees of obliquity which characterise the down and up strokes. As the two sets 
of muscles act alternately, as in the auricles and ventricles of the heart, the one set is being rested while the other 
is active ; and it is just possible that in this and in the action of the elastic ligament which recovers or flexes the 
wing, we have an explanation not only of the prodigious power wielded by insects, but also of their endurance. 
In the libellulae or dragon-flies, the muscles are inserted into the root of the wing, as in the bat and bird, the only 
difference being, that in the latter the muscles extend along the wing to its extremity. In all the wings which 
I have examined, whether in the insect, bat or bird, the wing is recovered, flexed, or drawn towards the body by 
the action of elastic ligaments, these structures, by their mere contraction, causing the wing, when fully extended 
and presenting its maximum of surface, to resume its position of rest and plane of least resistance. The principal 
effort required in flight would therefore seem to be made during extension, or when the effective stroke is being 
given. The elastic ligaments are variously formed, and the amount of contraction which they undergo is in all 
cases accurately adapted to the size and form of the wing and the rapidity with which it is worked — ^the con- 
traction being greatest in the short-winged and heavy-bodied insects and birds, and least in the light-bodied and 
ample-winged ones, particularly in such as skim or glide. The mechanical action of the el&stic ligaments, I need 
scarcely remark, ensures an additional period of repose to the wing at each stroke, and this is a point of some 
importance as showing that the lengthened and laborious flights of insects and birds are not without their stated 
intervals of rest. 

§ 390. Speed attained by Insects. 

Many instances might be quoted of the marvellous powers of flight residing in insects as a class. The male 
of the silkworm-moth (Attacus paphia) is stated to travel more than 100 miles a day ; ^ and an anonymous writer 
in Nicholsans JounmV^ calculates that the common house-fly (Mtisca domestica), in ordinary flight, makes 600 
strokes per second, and advances 25 feet ; but that the rate of speed, if the insect be alarmed, may be increased 
six or sevenfold, so that under certain circumstances it can outstrip the fleetest racehorse. Leeuwenhoek relates 
a most exciting chase which he once beheld in a menagerie about 100 feet long between a swallow and a dragon- 
fly {MordeUa). The insect flew with such incredible speed, and wheeled with such address, that the swallow, 
notwithstanding its utmost efforts, completely failed to overtake and capture it.^ 

§ 391. The Centre of Gravity in Insects— Articulation of the Wing to the Body of the Insect, &c. 

The centre of gravity varies in insects according to the shape of the body, the length and shape of the limbs 
and antennae, and the position, shape, and size of the pinions. It is corrected in some by curving the body, in 
others by bending or straightening the limbs and antennae, but principally in all by the judicious play of the 
wings themselves. 

> Linn. Trans., vii., p. 40. * Vol. iii., p. 36. 

• *'The hobby falcon, which abouudu in Bulgaria during the summer monthn, hawks large drayon-flies, which it seizes with the foot and 
devours whilst in the air. It also kills swifta, larks, turtle-doves and bee-birds, although more rarely." (" Falconry in the British Isles," by 
Francis Henry Salvin and William Brodrick. London, 1855.) 

VOL. III. V 
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To confer on the wing the multiplicity of movement which it requires, it is supplied with a double hinge or 
compound joint, which enables it not only to move in an upward, downward, forward, and backward direction, 
but also at various intermediate degrees of obliquity. An insect furnished with wings thus hinged may, as far 
as steadiness of body is concerned, be not inaptly compared to a compass set upon gimbals, where the universality 
of motion in one direction ensures comparative fixedness in another. The rapidity with which the wing oscillates 
is enormous. It varies, as has been explained, in proportion to the area of the wing and the body to be raised ; 
but no method has as yet been devised for estimating the number of vibrations, from the fact that sound, in 
insects, is not always produced by the wings, so that the pitch of the note cannot be explained on the theory 
of vibrations as applied to acoustics. 

I have endeavoured to explain that flight is secured in the insect, not because its body, as compared with the 
atmosphere, is comparatively light, but because its power, as compared with its size, is very great — ^this power 
enabling it to apply its wings to, and withdraw them from, the air with astonishing velocity at fxirums degrees of 
obliquity, to obtain the maximum of resistance in a downward direction, and the minimum of displacement in an 
upward one ; to convert them, in fact, into spiral inclined planes, with which to tread the air and rise upon it, 
as a kite upon the wind or a swimmer upon the water. I use the phrase " various degrees of obliquity " because, 
although the effective or down stroke is delivered at an angle of 30° or thereabouts, the wings act more or less 
perfectly as elevators and propellers from the moment they leave their position of rest, or plane of least resis- 
tance, until they make the angle referred to, and likewise during the up or back stroke, when the wings are being 
recovered. The power of the insect is consequently conserved and utilised to an astonishing degree. 

In the years 1864, 1865, 1866, and 1867 I devoted a large amount of time and attention to the subject of 
natural and artificial flight in all their phases. I examined and dissected during these years a great number 
of insects', birds', and bats' wings. I also made numerous artificial fins, flippers, fish-tails, wings, and aerial screws. 
I, further, made extensive experiments with every available kind of natural and artificial wing, feeling convinced 
that the involved problem of flight could only be satisfactorily dealt with from the comparative anatomy and 
mechanical side, and by availing oneself of all the aids furnished by observation and by experiment with natural 
and artificial wings. 

As the outcome of my investigations and experiments during the years in question, I delivered a lecture to 
the Royal Institution of Great Britain on the 22nd of March 1867, " On the Various Modes of Flight in Relation 
to Aeronautics." This lecture was illustrated by experiments with natural and artificial wings and aerial screws 
of various kinds, and an abstract of it was published in the Proceedings of the Institution of the above date. 
It was translated into French and other languages. 

On the 6th and the 20th of June 1867, a Memoir by me " On the Mechanical Appliances by which Flight is 
attained in the Animal Kingdom '* was read to the Linnsean Society of Iiondon, communicated by Professor Huxley. 
This Memoir appeared in vol. xxvi. of the Transactmis of the Linnean Society, with 4 plates (78 figures) 
and 19 woodcuts. In these two publications I described and delineated my original views of wing structuies 
and wing movements, and, as I have never had reason to doubt their accuracy, it is important to give a short 
resume of them in this place, not only in anticipation of what is to follow, but also to furnish an historical record 
of the progress of aeronautical science from the zoological standpoint. 

At pages 99, 100, and 101 of my lecture published in the Proceedings of fh-e Royal Instit'kUion, the spiral 
configuration of the wing in the insect is adverted to at length, and there described as a twisted lever or helix, 
which owes its peculiar elevating and propelling power in a great measure to its shape. Particular emphasis is 
also placed upon the partial rotation of the wing on its long axis during extension and flexion, and upon its screwing 
and unscrewing action during the down and up strokes, this being a sine qud non in flight. In the pages 
alluded to the subjoined passages occur : " The wings of insects and birds are, as a rule, more or less triangular 
in shape, the base of the triangle being directed towards the body, the sides anteriorly and posteriorly. They 
are also conical on section from within outwards and from before backwards ; this shape converting the pinion 
into a delicately graduated instrument, balanced with the utmost nicety to satisfy the requirements of the 
muscular system on the one hand, and the resistance and resiliency of the air on the other. . . . The neurae 
or nervures in the insects' wing are arranged at the axis or root of the pinion, after the manner of a fan or a spiral 
stair ; the anterior one occupying a higher position than that farther back, and so of the others. As this arrange- 
ment extends also to the margins, the wings are more or less twisted upon themselves, and present a certain 
degree of convexity on their superior or upper surface, and a corresponding concavity on their inferior or under 
surface ; their free edges supplying those fine curves which act with such efficacy upon the air, in obtaining the 
maximum of resistance and the minimum of displacement ; or, what is the same thing, the maximum of support 
with the minimum of slip. ... All wings obtain their leverage by presenting oblique surfaces to the air, the 
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degree of obliquity gradually increasing in a direction from behind forwards and downwards during extension, 
when the sudden or effective stroke is being given, and gradually decreasing in an opposite direction during 
flexion, or when the wing is being more slowly recovered preparatory to making a second stroke. The effective 
stroke in insects (and this holds true also of birds) is therefore delivered downwards and forwards, and not, as the 
majority of writers believe, vertically, or even slightly backwards. . . . 

'* To confer on the wing the multiplicity of movement which it requires, it is supplied at its root with a double 
hinge or compound joint, which enables it to move not only in an upward, downward, forward, and backward 
direction, but also at various intermediate degrees of obliquity. . . . 

** The wing of the bird, like that of the insect, is concavo-convex, and more or less twisted upon itself. The 
twisting is in a great measure owing to the manner in which the bones of the wing are twisted upon themselves, 
and the spiral nature of their articular surfaces, the long axes of the joints always intersecting each other at nearly 
right angles. As a result of this disposition of the articular surfaces, the wing may be shot out or extended, and 
retracted or flexed in nearly the same plane, the bones of the wing rotating in the direction of their length during 
either movement. This secondary action, or the revolving of the component bones upon their own axes, is of 
the greatest importance in the movements of the wing, as it communicates to the hand and forearm, and conse- 
quently to the primary and secondary feathers which they bear, the precise angles necessary for flight. It, in fact, 
insures that the wing, and the curtain or fringe of the wing, which the primary and secondary feathers form, shall 
be screwed into and down upon the wind in extension, and unscrewed or withdrawn from the wind during flexion. 
The wing of the bird may therefore be compared to a huge gimlet or auger, the axis of the gimlet representing 
the bones of the wing, the flanges or spiral thread of the gimlet the primary and secondary feathers." 

The principal object of the Memoir is to establish an analogy between the walking surfaces of quadrupeds, 
the swimming surfaces of flshes, and the flying surfaces of insects, birds, and bats. These are all described and 
figured as twisted levers or screws in an anatomical sense, and as flexible reversing screws in a functional or 
physiological sense. As a consequence, the quadruped and biped are represented as walking, and the seal and fish 
as swimming, in figure-of-8 or looped curves. The wings of the insect, bird, and bat, are also described and figured 
as executing figure-of-8 movements when the animals are hovering before an object, or when their bodies are arti- 
ficially fixed ; the figure-of-8, as I explained, being opened out or unravelled when the animals are flying at a high 
horizontal speed to form a looped and then a waved track. 

The following brief passages from my Memoir in the Transactions of the Linnean Society (vol. xxvi.) will serve 
to elucidate the peculiar figure-of-8 movements made by the wings in flight : " That the wing twists upon itself 
structurally, not only in the insect, but also in the bird and bat, any one may readily satisfy himself by a careful 
examination, and that it twists upon itself during its action I have had the most convincing and repeated proofs. 
The twisting in question is most marked in the posterior or thin margin of the wing, the anterior or thicker margin 
performing more the part of an axis. As a result of this arrangement, the anterior or thick margin cuts into the 
air quietly, and as it were by stealth, the posterior one producing on all occasions a violent commotion, especially 
perceptible if a flame be exposed behind the wing." 



WHEN THE BODY OF THE VOLANT ANIMAL IS FIXED, AND ITS WINGS ARE MADE 
TO VIBRATE, THEY DESCRIBE FIGURE-OF-8 TRAJECTORIES IN THE AIR 

" The twisting or rotating of the wing on its long axis is particularly observable during extension and flexion 
in the bat and bird, and likewise in the insect, especially the beetles, cockroaches, and others which fold their wings 
during repose. In these, in extreme flexion, the anterior or thick margin of the wing is directed downwards, and 
the posterior or thin one upwards. In the act of extension, however, the margins, in virtue of the wing rotating 
upon its long axis, reverse their positions, the anterior or thick margins describing a spiral course from below 
upwards, the posterior or thin margins describing a similar but opposite course from above downwards. These 
conditions, I need hardly observe, are reversed during flexion. The movements of the margins during flexion and 
extension may be represented with a considerable degree of accuracy by a figure-of-8 laid horizontally. ... A 
figure-of-8, compressed laterally and placed obliquely with its long axis running from left to right of the spectator, 
represents the movement in question. The down and up strokes, as will be seen from this account, cross each 
other, the wing smiting the air during its descent from above, as in the bird and bat, and during its ascent from 
below, as in the flying-fish and boy's kite. The pinion thus acts as a helix or screw in a more or less horizontal 
direction from behind forwards, and from before backwards ; but it has a third function — ^it likewise acts as a 
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screw in an early vertical direction from below upwards. ... If the wing (of the larger domestic fly) be viewed 
during its vibrations from above, it will be found that the blur or impression produced on the eye by its action 
is more or less concave. This is due to the fact that the wing is spiral in its nature, and because during its action 
it twists upon itself in such a manner as to describe a double curve, the one curve being directed upwards, the 
other downwards. The double curve referred to is particularly evident in the flight of birds from the greater size of 
their wings. The wing, both when at rest and in motion, may not inaptly be compared to the blade of an ordinary 
screw propeller as employed in navigation. Thus the general outline of the wing corresponds closely with the 
outline of the propeller, and the track described by the wing in space is twisted upon itself propeller fashion. 
The great velocity with which the wing is driven converts the impression or blur into what ia equivalent to a solid 
for the time being, in the same way that the spokes of a wheel in violent motion, as is well imderstood, com- 
pletely occupy the space contained within the rim or circumference of the wheel. . . . From these remarks it 
will appear that not only the margins, but also the direction of the planes of the wing, are more or less completely 
reversed at each complete flexion and extension ; and it is this reversing, or screwing and unscrewing, which 
enables the wing to lay hold of the air with such avidity during extension, and to disentangle itself ¥nth such 
facility during flexion — to present, in fact, a more or less concave, oblique, and strongly resisting surface the one 
instant, and a comparatively narrow, non-resisting, cutting edge the next. The figure-of-8 action of the wing 
explains how an insect or bird may fix itself in the air, the backward and forward reciprocating action of the 
pinion affording support, but no repulsion. In these instances, the backward and forward strokes are made to 
counterbalance each other." 



WHEN THE BODY OF THE VOLANT ANIMAL IS ADVANCING. AND ITS WINGS ARE 
MADE TO VIBRATE, THEY DESCRIBE FIRST LOOPED AND THEN WAVED 
TRACKS IN SPACE 

" Although the figure-of-8 represents with considerable fidelity the twisting of the wing upon its long axis 
during extension and flexion, when the insect is playing its wings before an object, or still better, when it is 
artificially fixed, it is otherwise when the down stroke is added, and the insect is fairly on the wing, and pro- 
gressing rapidly. In this case the wing, in virtue of its being carried forwards by the body in motion, describes 
an undulating or spiral course." 

§ 392. Mode of Investigation pursued by the Author. 

I obtained my results by transfixing the abdomen of insects with a fine needle, and watching the wmgg vibrate 
against a dark background ; by causing dragon-flies, butterflies, blow-flies, wasps, bees, beetles, &c., to fly in a 
large bell jar, one side of which was turned to the light, the other side being rendered opaque by dark pigment ; 
by throwing young pigeons and birds from the hand into the air for the first time ; by repeated observation of 
the flight of tame and wild birds ; by stiffening, by tying up, and by removing portions of the wings of insects 
and birds ; by an analysis of the movements of the travelling surfaces of quadrupeds, amphibia, and fishes ; 
by the application of artificial fins, flippers, tails, and wings to the water and air ; and by repeated dissections 
of all the parte directly and indirectly coimected with flight. 

§ 393- The Muscles and Joints of the Wing. 

The muscles which propel the wing of the insect are, for the most part, confined to the thorax : in the bird 
and bat they occupy the thorax, but they also extend along the anterior margin of the wing iteelf . 

The wing is united to the body in each case by what is practically a ball-and-socket joint which admits of 
movement in every direction — namely, upwards, downwards, forwards, backwards — and at every degree of obliquity. 
The body of the volant animal is in the position of a ship's compass set upon gimbals. It is equally balance 
from every point, and is free to swim about in every direction. This arrangement produces an automatic or self- 
adjusting, balancing machinery, which secures absolute stability for the body of the flying creature whatever the 
position of the wings. 

In the insect, the root of the wing is provided with springs, and a system of prominences, stops, or gags, 
which regulate the movemente of the wing throughout ite entire revolution. At no point in its course are the 
movemente of the wing haphazard. 
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In the bird and bat, the wing is supplied with separate elevator and depressor muscles, with muscles and tendons 
which extend from the root to the tip of the wing, and with elastic structures which enable these animals to 
regulate the wing movements with the utmost nicety. The movements of the wing during the up and down 
strokes, and during flexion and extension, are thoroughly under control. Flight, in nature, is no mere mechanical 
problem. It is achieved, in every instance, by volimtary, carefully regulated, purposive movements. The muscles, 
joints, and elastic structures of the wing of the bird are fully described further on. 

§ 394. Mechanical Theory of the Action of the Insect's Wing as stated by Chabrier. 

In one instance only, according to Chabrier,^ are the muscles in flight in insects inserted directly into the 
root of the wing. This solitary example is the dragon-fly. Chabrier regards the action of the insect's wing as 
purely mechanical. His argument may be stated in a few words. He observes, that whereas the muscles which 
propel the wings of the insect are, with one exception (the dragon-fly), confined to the interior of the thorax, 
therefore they exert no direct influence upon the wings. He further gives it as his opinion, that the wings 
are actuated by the muscles only during the down stroke, and that the up stroke is entirely due to the reaction of 
the air — in fact, that if the wings only be depressed rhythmically, the air will do the remainder of the work. 
Unfortimately for this theory there is no time to wait for the reaction of the air, the wings being driven with 
such velocity as necessitates their being partly elevated either by elastic ligaments or elevator muscles, in addition 
to the reaction of the air. Chabrier, as will be seen, delegates to the air the task of reversing the planes of the 
wing, and of conferring upon it those peculiar curves which, overlooked by him, I have endeavoured to show are 
indispensable in flight. In short, he confides to the air the delicate task of arranging the details of flight, those 
details constituting in reality the most difficult part of the problem. 

§ 39S Objections to the Mechanical Theory of Wing Movements. 

There are many facts which militate against Chabrier's mechanical theory of the movements of the insect's 
wing. I find, for example, that if the wing of the wasp, fly, humble-bee, or butterfly be depressed by a delicate 
rod, its posterior margin is made to curve downwards, and to make various angles with the horizon ; the wing, 
the instant the rod is removed, being flexed and elevated by the action of elastic ligaments which obliterate 
the angles formed during the depression. This implies the existence of a muscular sjrstem for depressing the 
wing, and a fibro-elastic system for elevating it, similar to what is found in the bat and bird, to be described 
presently. It also proves that the wing is jointed to the body in such a manner that it cannot either descend 
or ascend without changing the direction of its planes (surfaces) — the air taking no part in the change of plane 
referred to. 

I find, secondly, that insects have the power of vibrating either wing by itself in any part of a radius not 
exceeding a half circle, and that the wing may be played above the body or on a level with or beneath it, as 
circumstances demand. These facts argue a much more intimate relation between the muscular system and the 
wings than Chabrier is inclined to admit. 

Thirdly. The wing in most insects is composed of two distinct portions at its root, those portions being 
endowed with independent movements, which enable the insect to incline the anterior or thick margin of the wing 
in one direction, and the posterior or thin margin in another — to twist, in fact, the wing upon its long axis. This 
twisting of the wing upon its long axis exerts upon the organ precisely the same influence which the extending and 
flexing of the pinion does upon the wing of the bird and bat. It, in short, develops double or figure-of-S curves along 
the anterior and posterior margins, and converts the unng into a screw capable of change of form. 

Fourthly. In the humble bee and other insects supplied with two pairs of wings geared to each other by 
booklets, the posterior or thin margin of the first wing glides along the anterior or thick margin of the alula or 
second wing, which latter, acting as a long lever, has the power of adjusting the posterior or thin margin of the 
first wing. 

Fifthly. In the wasp the first wing can be distinctly folded upon itself in the direction of its length, the 
alula or second wing folding upon the first wing previously folded, so that the area of the two wings is reduced 
to about one-third of what it was before the folding took place. When the wing is so folded it is very compact, 
and presents a well-defined cutting edge, which points in a backward direction. I am induced to believe that 

* M^nwires du Museum d llistuire Nature/k, tome seiitioiue, Paris, 1821 ; Kssai »ur le vol dot Insectes, i»ar I. Chabrier, p. 297, 
Plates X., xi., and xii 
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the wing is folded after this fashion in certain cases during the back or return stroke, although the action of the 
pinion is so rapid that I have hitherto failed to make it out. 

Sixthly. Many insects, such as the ephemera, beetles, locusts, &c., have assuredly the power of more or less 
completely crumpling their wings, and of alternately increasing and diminishing the wing area during the down 
and up strokes. The wings of most insects, moreover, are during the up stroke thrown into rugae, which are 
flattened or altogether disappear during the up stroke, and are opened out so as to increase their area during the 
down one. The butterfly affords an admirable example. 

§ 396. Method of Demonstrating the Accuracy of the Figure-of-8 Movements made by all Wings. 

The correctness of the figure-of-8 theory of fl)nng may be readily established by a careful study of the rapidly 
vibrating wing of the wasp or of the common blow-fly. 

If the body of the former be held, and the wing made to vibrate in front of a dark screen, it will be found that 
not only the tip but also the margins of the wing describe a figure-of-8 track in space. 

It will further be observed that the planes (surfaces) of the wing are as a rule reversed during the down and 
up strokes ; nay, more, that the angles of inclination made by the surfaces of the wing with the horizon vary 
at every stage of the wing's progress, this variation in the angles being accompanied by a variation in the curves 
occurring on the anterior and posterior margins, as already explained. As a consequence, the wing is moving in 
all its parts at the same time — a somewhat remarkable occurrence, and calculated, it appears to me, to excite the 
curiosity, if it does not rivet the attention, of physiologists. The wing of the insect is, with few exceptions, 
more flattened than that of the bat and bird ; a circumstance which enables it, when it is made to vibrate in 
a more or less horizontal direction, and when its planes are reversed at the end of each stroke, to apply its under 
or ventral surface to the air when it is urged from behind forwards, and its upper or dorsal one when urged from 
before backwards. 

The direction of the stroke varies slightly according to circumstances, but it will be quite proper to assume 
that the wing of the insect is made to vibrate in a more or less horizontal direction, and that of the bird and bat in 
a more or less vertical direction. By a slight alteration in the position of the body, or by a rotation of the wing 
in the direction of its length, the vertical direction of the stroke is converted into a horizontal direction, and vux 
versd. The facility with which the direction of the stroke is changed is greatest in insects ; it is not uncommon 
to see them elevate themselves by a figure-of-8, horizontal, screwing motion, and then, suddenly changing the 
horizontal screwing into a more vertical one, to dart rapidly forward in a curved line. The horizontal screwing 
movement is represented at Figs. 5 and 6, and the vertical screwing one at Fig. 7, of Plate clxx., p. 1236 of 
the present work. Whether the wing is made to vibrate vertically or horizontally, it, practically speaking, in 
progressive flight, strikes downwards and forwards during the down stroke, and upwards and forwards during the 
up stroke. 

I now submit a careful analysis of the movements of the wing of the living insect, the result of peisonal 
observation and experiment, as recorded by original drawings made by me at various periods from 1867 to 1879 
and subsequently. 

The analysis is based chiefly on the movements of the wing of the conunon house-fly, the bluebottle-fly. 
the crane-fly, the bee, the humble-bee, the wasp, the dragon-fly, and the butterfly. It, however, embraces quite 
a large number of other insects to which it is not necessary to refer, as the principle of flight is the same in all. 

On looking over some of my old notes " On Flight " dated 16th, 18th, and 20th of August 1879, I came upon 
original descriptions and delineations of the wing movements of the common house-fly and crane-fly which are 
so strongly confirmatory of what I have already said and have still to say regarding flight, that 1 cannot do better 
than transfer them to these pages. At the dates in question I gave three views of the movements of the wings 
of the house-fly, and four views of the movements of the wings of the crane-fly (see Plate clxix., p, 1234, Fig. 1, A, 
B, C ; and Figs. 2, 3, 4, and 5). 

In Fig. 1 (A, B, C) the house-fly is considerably enlarged, the better to show the wing movements. 

These movements are best seen in the sunlight where an artificial dark background of some kind is employed. 
There is no difficulty in following them under such circumstances, especially if the observer has a trained eye, 
and is accustomed to note and analyse rapid animal movements. 

§ 397. Flight of the Common House-fly. 

1 find 1 have depicted the house-fly as it flies upwards, as it poises and balances itself in mid-air, and as it flies 
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In each case the wings are twisted upon themselves (screw fashion) in the direction of their length, and the 
tips of the wings describe figure-of-8 trajectories in space. 

In Fig. 1, A, the horizon is indicated by the line c, rf, and the direction of flight by the line e, /. The line e, / 
corresponds with the long axis of the body. The fly is seen from above and behind, and it will be observed that 
the reciprocating strokes of the wings indicated by the darts at a and b are more or less horizontal as compared 
with the long axis of the body. The blur or impression produced on the eye by the rapidly reciprocating wings 
is shown by the radiating interrupted lines which proceed from the roots of the wings as centres. 

At Fig. 1, B, the body of the fly is seen in the same position as that shown at A. The fly is drawn in profile 
or from the side, and only the left wing and the blur produced by it, are seen. The letters are the same as in 
Fig. 1, A. In this case, the fly is poised or balanced in mid -air ; the wing making figure-of-8 trajectories parallel 
with the horizon (c, d) and nearly at right angles to the long axis of the body (e, /). The body is more or less 
vertical, the wing movements nearly horizontal. The fly has the power of balancing and maintaining its position 
by nicely adjusted, reciprocating wing movements similar to those practised by the kestrel when hanging, apparently 
motionless, over its fascinated and terror-stricken quarry. The fly can, however, by slightly increasing the speed 
and altering the pressure of the wings in certain parts of their course, instantly dart upwards as at /. 

In Fig. 1, C, which gives a profile or side view of the fly, both the direction of the axis of the body and of the 
wing movements are changed. The direction of the long axis of the body (c, d) is horizontal, and the wing is 
striking downwards and forwards (e, /). The reciprocating movements made by the tip of the wing are indicated 
by the darts at a. Nothing is simpler than to alter the direction of the long axis of the body, and the direction 
of the stroke of the wing. The insect has only to make a slight change at the root of the wing to achieve both 
results. The roots of the wings are attached to the body by compound joints — universal in their nature — and 
their movements are regulated by voluntary muscles, and by springs, ligaments, and projections or stops, and 
are thoroughly under control. The slightest muscular movement brings about the desired result. The relations 
of the roots of the wings, and the wings as a whole, to the body is such, that the body in every possible position 
is mechanically adjusted and balanced, and swims about in space precisely as a compass set upon gimbals does. 
The same is true of the wings of birds, bats, and pterodactyls. 

As a matter of fact, the roots of the wings of insects reveal highly complex arrangements. Not only can 
the wings be made to move in a horizontal and vertical direction, but at every degree of obliquity. They can 
also be folded and twisted in the direction of their length by voluntary muscular action when the wings are at rest, 
and when the air can take no part in producing the folding and twisting referred to. Of this I have fully 
convinced myself by repeated and careful observation. The movements of the wings of insects, and of birds and 
bats, are voluntary, controlled, and limited. They are inaugurated and completed by the volant animals, and are 
not, as is generally believed, due to the resistance and pressure exercised by the air when the wings are made to 
vibrate. 

Natural flight, though largely, is not wholly, a mechanical problem. It is vito-mechanical, that is, mechanical 
plus life, plus intelligence. The volant animals arrange and regulate the details of flight. The flying machine 
will only become a success when the body and brain of the inventor are incorporated with it, and when the hands 
of the engineer, plus his intelligence, superintend and regulate the flying movements, whether produced by wings, 
aeroplanes, or screws. 

The movements of the wings in the flight of the crane-fly are shown at Plate clxix.. Figs. 2, 3, 4, and 5, p. 1234. 

The following is the account given of them in my notes taken in August 1879 : — 

§ 398. Flight of the Crane-fly. 

Have been studying the movements, and experimenting with the natural wing in the living crane-fly (daddy- 
long-legs), and have distinctly seen it twist its wing obliquely on its long axis to form a screw when at rest, and when 
the air could exercise no influence whatever in producing the movements of the posterior margin of the wing 
and of arranging the details of flight. The insect has therefore the power of twisting and untwisting its wing screw- 
fashion by a vital act in flight as apart from the resistance obtained from the air, and it is in virtue of this twisting 
and untwisting that the planes of the wing are reversed at the end of each oscillation of the wing. The wing 
is screwed and unscrewed in the air in flight, and it is the wing which sets the air in motion and not the air 
which sets the wing in motion. The power of twisting and untwisting the wing as it is made to vibrate resides 
in the muscles of the thorax, and I found that when the insect was dead I could produce a similar result, that is, 
a twisting and untwisting of the wing, by compressing or pinching the thorax laterally or from side to side. In 
the dead bluebottle-fly the wing can be elevated by depressing the upper part of the thorax with the head of a 
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pin. The construction of the wing and the joint at the root of the wing favour this view. The wing of the 
crane-fly consists essentially of four parts varying in thickness : (a) a stiflBsh anterior margin — ^the thickest 
part ; (6) a flexible posterior margin (second thickest part), which is made to twist obliquely (screw -fashion) round 
the anterior margin ; (c) a tip (the thinnest part), which can be compressed and slightly folded, corresponding to 
the part which folds in a beetle's wing when it is crumpled up beneath its elytron ; and (e) a triangular portion 
with a cross joint at the root of the wing which seems to relieve the strain on it, allowing it to bend slightly. In 
the bluebottle there are two cross parts at the root of the wing, and these bend slightly on pressure. The 
root of the wing of the bluebottle consists of two parts, continuations of the anterior and posterior halves of 
the wing, and the wing can be twisted from the root into an elegant, flexible screw ; the anterior and posterior 
halves plaiting, as it were, from the root. This arrangement admits of a partial folding in two directions, namely, 
in its length and breadth. It also admits (and this is important) of the wing twisting and untwisting obliquely 
on its long axis and so converting itself into a flexible screw. A somewhat similar arrangement is seen in the 
wings of the wasp. 

The details of the construction of the wing of the crane-fly, taken by me from a natural fresh wing, are given 
at Plate clxix.. Fig. 6, p. 1234. 

The hinge at the root of the wing of the crane-fly is of the nature of a universal joint, so that it admits of 
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Fkj. 611. — Trajectory made by the artificial insect wing from right to left, x, /, The horizon ; m, w, «, double-curve figure- 
of-8 track described by the wing when urged from right to left ; p, angle made by the wing at the beginning of the stroke ; 
9, ditto, made at the middle of the stroke ; hf ditto, towards the end of the stroke ; c, the wing in the act of reversing — at the 
reversing stage, the wing makes an angle of 90° with the horizon, and its speed is less than at any other part of its course ; d, the 
wing reversed, and in the act of darting up to u to begin the stroke from left to right (u, v, in') (the Author, 1870). 

Fig. 612. — Trajectory made by the artificial insect wing from left to right, ar, x\ The horizon ; ?/, v, m', double-curve figure-of-8 
track described by the wing when urged from left to right ; t, angle made by the wing with the horizon at the beginning of the 
stroke ; y, ditto, at the middle of the stroke ; ^ ditto, to^^ards the end of the stroke ; r, the wing in the act of reversing— at this 
stage the wing makes an angle of 90° with the horizon, and its speed is less than at any other part of its course ; «, the wing 
reversed, and m the act of darting up to m\ to begin the stroke from right to left (7/i, n, u) (the Author, 1870). 

the wing being played vertically, horizontally, and obliquely. That the wing can be so played I have had the 
most convincing proof in the living insect. Thus I have seen it play its wings horizontally, obliquely, and more 
or less vertically. What especially struck me is the concavo-convex appearance presented by the blur of the rapidly 
moving wing — ^the concavity being directed upwards or forwards according as the anterior margin of the wing 
is directed upwards or forwards. Another point very noticeable was the alternate inclination forwards and back- 
wards of the posterior margin of the wing at the end of each of its oscillations. The concavity of the blur or 
the impression produced on the eye by the rapidly oscillating wing is caused by the bending upwards, or upwards 
and forwards as the case may be, of its anterior margin. This bending is produced by the tractile force exerted 
by the tip of the wing ; the wing, and more especially the part near its tip, always tending upwards, or upwards 
and forwards. It is also due in great measure to the varying angles made by the wing as it hastens to and fro 
— the angles being always least about the middle of the strokes — ^and to the figures -of -8 made by it as a whole. 
These points are illustrated at Plate clxx.. Fig. 5, p. 1236 ; also at Figs. 511 and 512, which represent the horizontal 
oscillation or play of an artificial wing constructed in one piece on the insect type. The wing is shown in 
transverse section. 

If an artificial, finely tapered, elastic wing, 2 feet long by 5 inches wide, with a semi-rigid anterior and 
highly elastic posterior margin, be constructed in one piece on the insect type, and the plane of the wing made 
to occupy a vertical position with the elastic posterior margin directed downwards, it will be found that if the 
wing be moved by the hand alternately from right to left and from left to right in a horizontal direction it 
makes a great variety of angles with the horizon ; the angles being greatest when the wing is slowed preparatory 
to reversing, and least at mid-stroke, when the speed of the wing is greatest. 

The wing, before it is made to move, makes an angle of 90° with the horizon. When made to move by the 
hand, say from right to left, it soon makes an angle of 45° ; at the middle of the stroke it makes an angle 
of 20° or thereby ; towards the end of the stroke, when it is being slowed preparatory to its being reversed, it 
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makes an angle of 45° ; when fully slowed it makes an angle of 90°, which is its position of rest. The same 
phenomena are repeated when the wing is made to travel from left to right. A remarkable property possessed 
by the artificial elastic wing is its power to reverse and change its direction at the end of each stroke. Thus 
the wing, when impelled from right to left, and when the stroke has been completed, suddenly turns a partial 
somersault from left to right, with the result that what was the under surface of the wing becomes its upper 
surface. There is a reversal of the planes of the wing — both surfaces of the more or less flattened wing of the 
insect being serviceable for the purposes of flight. The wing at the end of the right and left strokes reverses to 
a large extent mechanically and in spite of the operator. The reversal is primarily due to the slowing of the 
wing at the end of each stroke, to its elasticity, to its several parts travelling at different rates of speed, and 
to the anterior margin reversing before the posterior one ; an arrangement which begets continuity of motion 
and reduces the amount of slip in the wing to a minimum.^ In the movements of the wing the resistance 
furnished by the air forms an important factor ; the resistance being greatest when the speed of the wing is 
highest, and the converse. 

The remarkable feature in the artificial insect wing is its adaptability. It can be driven slowly, or with 
astonishing rapidity. It has no dead points. It reverses instantly, and in such a manner as to waste neither 
time nor power. It alternately seizes and evades the air so as to extract a maximum amount of support with 
a minimum of slip, and with a minimum expenditure of power. It supplies a degree of buoying and propelling 
power which is truly remarkable. Its buoying area is nearly equal to half a circle. It can act upon still air, and 
it can create and utilise its own currents. I proved this in the following manner. I caused the wing to make 
a horizontal sweep from right to left over a lighted candle. The wing rose steadily as a kite would, and after a 
brief interval the flame of the candle was persistently blown from right to left. I then waited until the flame 
of the candle assumed its normal perpendicular position, after which I caused the wing to make another and 
opposite sweep from left to right. The wing again rose kite fashion, and the flame was a second time affected, 
being blown in this case from left to right. I now caused the wing to vibrate steadily and rapidly above the 
candle, with this curious result, that the flame did not incline alternately from right to left and from left to right. 
On the contrary, it was blown steadily away from me, that is, in the direction of the tip of the wing, thus showing 
that the artificial currents produced met and neutralised each other always at mid-stroke. I also found that 
under these circumstances the buoying power of the wing was remarkably increased. 

The artificial insect wing, like the natural wing, revolves upon two centres, and owes much of its elevating 
and propelling, seizing and disentangling power to its different portions travelling at different rates of speed, and 
to its storing up and giving off energy as it hastens to and fro. Thus the tip of the wing moves through a very 
much greater space in a given time than the root, and so also of the posterior margin as compared with the 
anterior. This is readily understood, by bearing in mind that the root of the wing forms the centre or axis of 
rotation for the tip ; while the anterior margin is the centre or axis of rotation for the posterior margin. The 
momentum, moreover, acquired by the wing during the stroke from right to left is expended in reversing the mng^ 
and in preparing it for the stroke from left to right, and vice versd ; a continuous to-and-fro movement devoid of 
dead points being thus established. If the artificial insect wing be taken in the hand and suddenly depressed 
in a more or less vertical direction, as in the bird and bat, it immediately springs up again, and carries the hand 
with it. It, in fact, describes a curve the concavity of which is directed downwards and forwards, and in doing 
so, carries the hand upwards and forwards. If a second down stroke be added, a second curve is formed ; the 
curves running into each other, and producing a progressive waved track in the air. This result is favoured 
if the operator runs forward so as not to impede or limit the action of the wing. 

The direction in which the insect travels is determined by the direction of the stroke, by the pressure put 
upon the wing at various points, by the position of the body, and by the angles made by the wing and the body 
with the horizon from time to time. 

The appearance presented by the rapidly vibrating wing of the crane-fly in upward, oblique, and forward 
flight is carefully delineated at Plate clxix.. Figs. 2, 3, 4, and 5. 

These figures also show how the wing twists in the direction of its length during its action, the range of 
the wing, the direction of the stroke, the position of the body, the shape of the blur caused by the wing, &c. 

* If a ri^^d rod Ik* inado to vibrate* its movements are (Oiaiucterised by a ]>au8e or dead point at the end of each stroke. If a flexible elastic 
rud l»e employed, the muses or dead points disapiiear. This follows Weause in the latter, opjKKsite eomplementury double curves are develojied, as 
in the natural wing, the ro<I reversing not as a whole, but by instalments. This is an imiMUtant mechanical jKiint, as it makes for continuity in 
wing movements. 
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PLATE CLXIX 

Plate clxix. — Shows the movements made by the wings in the flight of the common house-fly and the crane- 
fly ; also the direction of the strokes made by the wings in upward, oblique, and horizontal flight as witnessed and 
delineated by the Author. 

Fig. 1 — A. Common house-fly, greatly enlarged to show the wing movements in upward flight. The fly is seen from above 
and behind. In this case the body is inclined upwards, and the wings, which are twisted in the direction of their length and making 
figure-of-8 tracks in space, are made to vibrate in the same plane as the body, giving what is a horizontal stroke as far as the body is 
concerned, a, 6, The blur or impression produced on the eye by the rapidly oscillating wings ; e,/, direction of flight ; c, d, line 
representing the horizon. 

B. Shows the common house-fly balanced or fixed in the air. The fly is seen from the side or in profile. In this case the body 
is directed obliquely upwards (e, f) ; the wings playing horizontally in the direction of the horizon (r, d). The blur made by the 
left wing is indicated at a. In balancing, the forward and backward strokes are made to counterbalance each other ; the wings 
developing sufficient buoying power to maintain the insect at any desired point. The kestrel exerts the same power when hovering 
over a bird before pouncing on it. 

C. Shows the common house-fly flying forwards. The fly is seen in profile. In this case the body is horizontal (r, d) ; the 
wings striking downwards and forwards (e, /). The blur made by the left wing is indicated at a. Fig. C gives the positions of the 
body and the wings of the insect when its greatest powers of flight are exerted. Its speed is equal to tnat of the swiftest horse. 

Fig. 2. — Profile view of the movements made by the wings of the crane-fly in upward flight. In this, as in the common house- 
fly, the wings twist and untwist in the direction of their length, and make figure-of-8 tracks in space when made to vibrate. 
a, bf Line of norizon ; c, direction of flight. By a twisting and untwisting, reciprocating, horizontal play of the wings, the body is 
forced vertically upwards as at c. The blur or impression produced on the eye by the rapidly moving wings is concave above. 

Fig. 3. — Shows oblique upward flight of the crane-fly. d, by Line of horizon ; c, direction of flight. In this instance the wings 
are made to play in an oblique direction with reference to the horizon (a, b) ; the blur made by the wings being concave and directed 
upwards and forwards. 

Fio. 4. — Shows forward flight of the crane-fly. a, b, Horizon ; c, direction of flight. In this case the wings are made to play 
nearly vertically, the conciivity of the blur made by the wings being directed forwards. 

Fig. 5. — Shows the altogether vertical play of the wings of the crane-fly, seen when the posterior part of the body of the 
insect is held and it is attempting to get away, a, h, Blurs or impressions produced on the eye by the rapidly vibrating wings ; 
r, d, line of horizon. In this case the wings are seen to twist and untwist as they hasten to and fro : their tips describing fi^ure-of-8 
tracks in space as indicated by the darts. The crane-fly has the power of changing the direction of the strokes made by its wings 
at pleasure, and it is no uncommon thing to see the insect playing its wings in all the positions indicated in the figures. 

Fig. 6. — Anatomy of the wing of the crane-fly — the wing greatly enlarged the better to show the structure. The wing of the 
crane-fly, like that of other insects, is composed of a duplication of the wing membrane, supported by hollow horny tubes (nervures) 
which run in the direction of the length of the wing anteriorly, and which radiate obliquely backwards in the direction of the 
posterior margin. The wing is graduated and tapers ; being thickest at the root and along the anterior margin, and thinnest at 
the tip and along the posterior margin. The strongest parts of the wing are seen at r/, a, a' ; the thinner parts at by b' ; and the 
thinnest at c. At d and e the wing can fold slightly in a transverse and longitudinal direction ; while at /, there is a transverse 
quasi-joint which gives greater mobility to the wing action. The wing, as will be seen, may be divided into four portions; each 
portion being indicated by diflerent shading, the more readily to catch the eye. The root of the wing is provided with a compound 
joint (univeroal in its nature) which admits of the wing being made to oscillate in an upward, downward, forward, and backward 
direction, or at any degree of obliquity. The drawing is too small to show the joint. 

Fig. 7. — Artificial wing, showing how the twisting and untwisting of the natural wing are pioduced, and also how the horizontal 
figure-of-8 movements of tne natural wing, seen at Fig. 2, can be correctly imitated, a, 6, r, dy The artificial wing twisted upon 
itself at the end of the forward horizontal stroke raising a weight (/) ; e, /, (/, hy the same wing as seen at the end of the back stroke 
raising a weight (A:); Xy ball-and-socket or universal joint by ^hich the artificial wing is hinged; m, Hy figure-of-8 movements made 
by the root of the win^, which produce similar movements (t, ;') in the tip of the wing. The weights raised correspond with 
the body of the natural insect. 

Fig. 8. — Artificial wing, showing how the vertical figure-of-8 movements made by the natural wing at Figs. 4 and 5 may be 
reproduced. The letters are the same as in Fig. 7, and the movements made by the artificial wing are identical with those made 
at Fig. 7, allowance being made for the diflference in the direction of the stroke. '/, Appearance presented by the wing at the 
beginning of the down stroke ; c, the same at the end of the down stroke. The other letters have the same value as at Fig. 7. 
(The figures in this plate were drawn by the Author from natural and artificial wings in motion.) 



PLATE CLXX 

Plate clxx. — Shows how the wings of insects, birds, and bats make figure-of-8 trajectories in the air when the 
volant animals are fixed, and how the figures-of-8 are opened out or imravelled to form undulating or waved 
trajectories when the volant animals are flying rapidly forward in space ; how the wings twist and untwist in the 
direction of their length and form figure-of-8 tracks when made to oscillate ; how the insect plays its wings in a more 
or less horizontal direction, the bird and bat playing theirs in a more or less vertical direction ; how the bodies 
of volant animals in flight are carried along a curved line, the bodies being elevated with every descent of the 
wings, and falling temporarily through short distances every time the wings ascend. 
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PLATE GhXX— continued 

Fig. 1. — Figure-of-8 trajectory made by the margins and tip of the wing of the insect in extemion. The arrows indicate the 
direction of travel. These movements are reversed during flexion ; the wing cromng its ovm track during extension and flexion (the 
Author, 1867). 

Fig. 2.— Complementary portion of Fig. 1. In this figure the dotted lino and the dotted arrows indicate the figure-of-8 made 
by the margins and tip of the wing during flexion. The arrows in the completed figure point in opposite directions, and show the 
reversing, reciprocating movements made by the wing during its vibration (the Author, 1867). 

Fig. 3. — While the figure-of-8 accurately represents the trajectory made by the wing in the air when the volant animal is fixed, 
it is quite otherwise when the animal is rapidly flying forward. In this case, the wing, in virtue of its being carried forward by the 
body in motion, describes first a looped and then an undulating or waved track, e, e, Line of horizon ; a, 6, down strokes of wing ; 
<f, d, e^ up strokes of wing ; /, posterior margin of wing rotating downwards and increasing the angle {x) made by it with the 
horizon during the down stroke ; y, posterior margin rotating upwards and decreasing the angle made with the horizon prior to 
the up stroke (the Author, 1867). 

Fig. 4. — The blow-fly with its wings at rest and when made to vibrate rapidly. 

A. The blow-fly at rest. Its wings are triangular, elastic, carefully graduated, and very ample, considering the size of the 
insect. 

B. The blow-fly playing its wings at a high speed. The wings, under these circumstances, twist and untwist screw-fashion ; 
their tips describing figure-of-8 trajectories in the air. £ach wing sweeps through three-fourths of a circle in its reciprocating 
movements, and, as the wings are comparatively very long, the area covered by them is very large. The area or blur, for the two 
are co-extensive, provides practically a solid basis of support for the body, from the fact that the movements of the wings are so 
rapid that they are to all intents and purposes in every part of the area at the same time. This is a matter of great importance, 
and satisfactorily accounts for the splendid flying powers possessed by the insect (the Author, 1879). 

Fig. 5. — The upward t\%o figures show the twisting and untwisting and the horizontal figure-of-8 movements made by the wing 
of the wasp. The forward stroke of the wing is indicated at a, b, c, (2, e,f, g, the backward stroke at ^, /i, t, j, k, I, a. The angles 
made by the wings with the horizon (x, x) during these strokes are indicated in the two lower figures at a, h, c, <i, e, /, g; 
g, hy r, 7, kf I, a. It will be observed that these angles vary at every stage of the forward and backward strokes, being greatest at 
the end of the strokes, when the movements of the wing are slowed prior to the wing reversing, as shown at e,/, g and k^ /, a 
respectively. The angles are least at the middle of the strokes, when the speed of the wing is greatest, as indicated at c and t. As 
the wings during the forward and backward movements draw currents of air after them which are being constantly met, the insect 
flies largely on artificial currents of its own forming. This is one of the peculiarities of reciprocating wing and other structures 
(the Author, 1870). 

Fig. 6. — Upper figure : shows how in free and rapid flight the horizontal figure-of-8 movements made by the wing of the 
insect in captive flight are opened out or unravelled to form first a looped and then an undulating or waved track. This unlooked- 
for result is brought about by the rapid forward travel of the body in free flight preventing the wings from retracing and com- 
pleting the posterior loops of the 8. The letters from a to f) inclusive indicate the figure-of-8 looped path pursued by the wing 
prior to the looped path being converted into the waved path indicated at p, 9, r, s, t, liie horizontal, forward, figure-of-8 screwing 
of the wing in a slightly downward direction is accompanied by a figure-of-B, looped, and waved recoil in a slightly upward direction, 
communicated to the body of the insect as seen in the lower figure, where the letters are the same as in tlie upper one, with the 
addition of dashes (the Author, 1870). 

Fig. 7. — Shows how in the bird and bat in rapid free flight, the vertical, figure-of-8 movements made by the wing in captive 
flight are opened out to form first a looped and then a waved track, as in the insect. The lettering is the same as in the upper 
figure of Fig. 6. 

Fig. 8. — Gives an analysis of the movements made by the wing of the bird and bat during the down and up strokes as seen 
on transverse section of the wing. It brings out the important facts : (a) that both during the down and up strokes the concave 
surface of the wing is directed towards the horizon at an upward angle, acting as a true kite in both cases ; and (h) that the wing 
makes a great number of angles with the horizon during the down and up strokes. This arrangement increases the elevating and 
propelling power of the wing to a maximum, and decreases the amount of slip to a minimum. The wing duiing both the down and 
up strokes is a kite flying forward ; the wing hugging and biting the nether air with its concave surface during the down stroke, 
and throwing ofl: and eluding the superincumbent air by its convex surface during the up stroke, a, b. Line of horizon ; c, </, e, /, 
down stroke of wing ; (/, h, i, up stroke of wing ; j, k, /, second down stroke ; m, l^ginning of second up stroke (the Author, 1870). 

Fig. 9. — Artificial wing, showing how the wing of the bird and bat act in a more or less vertical direction in captive flight, and 
how the wing rotates on its anterior margin as an axis during the down and up strokes, p. Upper or convex surface of the wing 
as seen at the beginning of the down stroke ; p', lower or concave surface of the wing as seen at the end of the down stroke. The 
change of surface is due to the wing rotating along its anterior margin as it descends. The downward movement, when rapid, 
begets a twisting of the wing in the direction of its length. /, /, Fulcra formed by the air on which the wing acts ; x, universal 
joint by which the wing is attached to the body (6) ; w, v/, weights which represent the body and are lifted by the wing (the 
Author, 1874). 

Fig. 10. — Shows the double waved trajectory made by the wings and body of a volant animal in free forward flight. When 
the wings descend, the body is elevated ; when the wings are elevated, the boay falls slightly. While the body is directly elevated 
by the wings, it in turn by its fall contributes to the elevation of the wings. In this way, weight assists in flight. The vertical darts 
a, b ; c, d ; f,/; y, h; i, /, indicate the beats of the wing during the down and up strokes ; the letters a, r, ^, </, t, mark the undulat- 
ing or waved trajectory made by the wing ; Figs. 1, 2, 3, 4, 5, showing the alternate and opposite waved trajectory made by the 
body. It will be observed that the waved trajectories made by the wings and body alternately cross each other at stated intervals 
(the Author, 1870). 
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THE WINGS OF BIRDS 

§ 399- Structure and General Appearance presented by the Wing of the Bird. 

Having described and delineated the shape, structure, and movements of the wing of the insect, and spoken of 
wings and wing movements generally, we are now in a position to deal with the wing of the bird from the 
anatomical side. 

The wing of the bird, like that of the insect, is triangular in shape, elastic, and finely graduated ; it being 
thicker at the root and along the anterior margin and thinner at the tip and along the posterior margin. The bones 
of the wing run along the anterior margin ; the feathers, engaged in flight, along the posterior margin. The whole 
wing is covered with small, soft feathers ; the posterior margin being provided with large, stiffish, highly elastic 
feathers. The large feathers engaged in flight are divided into three sets, namely, the primary or rowing, the 
secondary, and the tertiary. The primary feathers occupy the tip, and nearly the outer half of the wing posteriorly, 
and are the longest and strongest ; the secondary feathers occupy a position next to the primaries on the posterior 
margin, and are next in length and strength — the tertiary feathers, occurring at the root of the wing, being larger 
and longer than the secondaries, but softer and weaker. 

The primary feathers are usually nine in number, and they diminish in length and strength as they approach 
the secondaries. The secondaries are also graduated, those near the root being more feeble than those next the 
primaries. The tertiary feathers occur as a triangular patch near the root, and are larger, longer, and softer than 
the secondaries. 

The primary, secondary, and tertiary feathers are convex above and concave below, and assist in conferring on 
the wing its concavo-convex form ; this form being completed by the bones, muscles, and elastic structures of the 
wing. The concavo-convex form of the wing is more pronounced than a superficial examination would lead one to 
expect. As the resistance of a concave over a convex surface is as two to one, it follows that the concavo-convex 
form of wing is the best possible for alternately seizing and letting go the air during the down and up strokes in 
rowing flight. 

The primary, secondary, and tertiary feathers overlap and slate each other on one side, and have a valvular 
action, so that they can be opened up and separated during flexion and the up stroke of the wing in such a way as 
to present so many knife edges to the superimposed air which they thereby successfully elude, while during extension 
and the down stroke they come together, close, and present an unbroken surface which enables the wing effectually 
to seize the nether air. The valvular action of the wing during the up and down strokes is supplemented by 
another mechanical contrivance of great value in flight. When the feathers of the wing are separated and opened 
up in flexion and the up stroke, the length of the wing is greatly curtailed, and it is elevated as a short lever. 
When, on the other hand, the feathers of the wing are closed and banded together in extension and the down stroke, 
the length of the wing is increased by about a half, and is depressed as a long lever. The fight which the wing 
wages with the inexorable law of gravitation is further materially aided by the down stroke of the wing being 
delivered with much greater force than the up stroke, and by the concavity or biting surface of the wing being always 
directed downwards during the down stroke. 

The primary, secondary, and tertiary feathers of the wing of the bird are differentiated to quite an extra- 
ordinary extent, and exhibit unmistakable evidence of design, and this evidence is greatly increased by the general 
shape, the concavo-convex form, and the carefully graduated nature of the wing and wing movements. It is further 
augmented by the beautiful spiral arrangements of the bones, joints, and muscles of the wing, by the elastic 
structures, and by the marvellous modification, for the purposes of flight, of the wrist and finger bones of the wing, 
whereby certain bones are suppressed, and others are enlarged and fused together to form a flat, osseous platform 
for supporting the roots of the primary or rowing feathers. 

While the wings of all birds are triangular in shape, it is proper to mention that they vary considerably in 
general outline. Thus the wings of the barn-door fowl, turkey, capercailzie, pheasant, grouse, and partridge are 
short, broad, deeply concavo-convex, and rounded at the tip ; the wings of the falcons and hawks are comparatively 
long, less concavo-convex, and pointed at the tip. The wings of the vulture, swan, heron, and crane are inter- 
mediate both as regards the degree of concavity and the rounding of the tip. The wings of sea-birds are frequently 
very long, narrow, flattish, and pointed, as in the albatross,^ frigate bird, gannet, tern, and some gulls ; the wings 
of swifts and swallows are long, narrow, scythe-like, and sweeping. Other forms may be mentioned, such as the 
raven, crow, wild duck, and woodcock, where the wings are more decidedly triangular, the tip being more or less 
pointed ; and the magpie, water-hen, and grebe, where the tip is rounded. 

^ 1 have in my collection an albatross wing which is 6 feet in length and only 8 inches in breadth. 
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The shape of the tip of the wing is determined by the length of the primary feathers forming it. 

In the true falcons, the albatross, swift, swallow, and humming-bird, the first primary feather is longest and 
strongest. In the gannet, wild duck, goose, pigeon, owl, and gull, the second primary feather is longest and 
strongest ; whereas in the bam-door fowl, turkey, capercailzie, pheasant, and grouse, the third primary is longest 
and strongest. 

The short, broad, deeply concavo-convex wings rounded at the tip are driven at much higher speeds than 
the longer, narrower, flatter, pointed wings ; the rule being, that the short, broad, rounded wings are associated with 
heavy bodies, great muscular exertion, short flights, and non-skinaming flights, while the longer, narrower, flatter, 
pointed wings are associated with proportionally lighter bodies, moderate muscular exertion, protracted flights, and 
skimming flights. 

The perfection of skimming or sailing flight is seen in the albatross, this majestic bird floating about near the 
surface of the Southern Ocean, occasionally for a whole hour without once deigning to flap his magnificent pinions, 
which stream from him on either side and cover, in some instances, an area of 15 feet or thereby. 

The wings of the albatross are comparatively flat, and their under surfaces act as true kites in sailing flight. 

Most birds can skim for short distances, but it is only the birds with long, narrow, pointed wings which are 
masters in this most diflScult field of wingmanship. 

The rule is, that the birds with short, broad, deeply concavo-convex, rounded wings make the air currents them- 
selves, on which they rise and progress ; whereas the birds with long, narrow, flatter, pointed wings utilise existing 
air currents, which, needless to say, is an enormous saving of muscular exertion. 

In flight one of two things is necessary. Either the wings of the volant animal must be driven at a high speed 
in still air, or the air must be moving at a high speed and the extended wings held out motionless. Moving air is 
a necessity in flight. It must be set in motion by the wings, or, being in motion, the extended motionless wings 
must rest upon it as upon two kites buoyed up by it. A canary when it flies in a room with doors and windows 
closed causes its wings to go whirr, whirr with inmiense velocity for short intervals : in the open, on the contrary, 
in a steady, stiff breeze, the gull and gannet can skim about with extended, motionless wings in any direction, and 
apparently with no effort, for indefinite periods. 

I append careful drawings from nature of typical wings in my collection. In each case the wings are drawn 
according to scale, and each feather is correctly given. See Plates clxxi. and clxxii. 

PLATE CLXXI 

Plate clxxi. — Shows various typical wings, including those of the pheasant, partridge, heron, wild duck, kestrel, 
diver, and gull. The pheasant, partridge, and heron illustrate the deeply concavo-convex form of wing ; the kestrel 
the flat form of wing ; and the wings of the wild duck, diver, and gull furnish examples of intermediate forms. (The 
figures in this plate are drawn from nature by C. Berjeau and the Author for the present work.) 

Fig. L — Wing of the pheasant {Pha^'avns rolrhiciia). Illustrates the short, broad, deeply concavo-convex form of wing rounded 
at the tip. a, 6, c. Anterior margin of wing ; d, t, L posterior margin of wing. The anterior margin is formed of feathers, bones, 
mascles, and elastic structure, and is semi-rigid ; the posterior margin is formed by the primary feathers {d\ the secondary feathers 
(e), and the tertiary feathers (/), and is highly elastic. 

Fio. 2. — Wings of the partridge (Perdrix ctnerea) as seen in rapid flight. This figure shows the deeply concave under surface 
of the wings, which form an upwanl angle with the horizon and act as true kites. The partridge affords an example of a heavy, 
powerful bird with small wings — the wings in flight being driven with immense velocity. 

Fig. 3. — Wings of the heron (Ardea cinerea). This figure affords an example of long, broad, deeply concavo-convex wings fairly 
round at the tip. The under concave surfaces of the wings are seen to great advantage. They exert a kite and parachute action 
in flight. The heron furnishes an example of a light, comparatively weak bird w4th very large wings. 

Fig. 4. — Wings of the kestrel. The upper of the two figures shows the dorsal surface of the wing. It provides an 
example of a narrow, flattish, pointed wing, and is exceedingly eflicient in flight ; the kestrel being noted for its superlative wing- 
manship and complete command of the air. d^ t, /, Anterior margin of wing ; r, a, 6, posterior margin of . wing. The primary 
feathers {h) of the wing of the kestrel are strong and very beautifully formed. The secondary feathers are seen at a, and the 
tertiary ones at c. The lower of the two figures shows the wing as seen from above and behind. It reveals the dorsal \d, r) and 
ventral (/, h) surfaces of the wing ; the posterior margin (r, b) making a double-/ curve round the anterior margin (d, /) as an axis. 
The wing in the position drawn forms a screw resembling that of an ordinary ship propeller. 

Fig. 5. — Wing of the wild duck. This wing is more triangular in shape than that of the kestrel. It is pointed and 
intermediate as regards its convexity and concavity. It is a very powerful, finely balanced wing ; the wild duck, when once 
fairly launched in space, flying with incredible velocity, a, h, r, Anterior margin of wing ; d, e, /, posterior margin of wing. The 
primary feathers are seen at (/, the secondary feathers at e, and the tertiary feathers at / 9, Wing covert. 

Fig. 6. — Ellipse made by the tip of the wing of the bird during flexion and the up stroke, and extension and the down stroke. 
The interrupted curved line and dart indicate the former ; the solid curved line and dart the latter. The dotted straight line 
indicates the axis round which the curved spiral movements occur. 
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PLATE CLXXI (c^rfitinrnd) 

Fio. 7. — Win^ of the diver or murrat. This wing is remarkable for its small size and narrowness. It is a well-formed 
wing, neither pointed nor rounded at the tip, and moderately concavo-convex. The diver, on the whole, affords the best 
example of a heavy-bodied, small-winged, flying bird ; the dabchick or lesser grebe coming next. The wings of the diver, compared 
with the body, are so small that the bird bias great difficulty in rising from the water. In order to obviate this difficulty it faces 
the breeze on getting up so as to take advantage of the moving air, which playing on the under concave surface of the wings assists 
their kite action. The wings are driven at a furious pace, and the bird travels at incredible speed near the surface of the sea in 
straight lines or in wide curves. When its flight is over, it drops into the water with a splash like a small cannon ball. The bodj 
of the diver weighs 2 lbs., and each wing only measures 11| ins. in length and 3^ ins. in breadth. The body and wings of 
the diver are to be contrasted with the body and wings of the grey gull, which also weighs 2 lbs. The wing of the grey gull 
is given at Fig. 8. 

Fig. 8. — Wing of the grey gull. This is a long, ample, moderately concavo-convex wing, neither round nor pointed 
at the tip. It greatly resembles the wing of the diver in its general sfaiape. It is, however, more than four times the size 
of the diver's wing. This is a very remarkable circumstance, as the bodies of the grey gull and diver each weigh 2 lbs. The 
difference is accounted for by the wings of the grey gull being driven very slowly ; those of the diver being driven at phenomenal 
speed. Flight resolves itself into heavy body, small wings, and rapid wing movements, or light body, large wings, and slow wing 
movement. It is a question of weight and increased power versus levity and diminished power. The flignt of the gull consists d 
flapping or rowing and skimming or sailing. In a good breeze the gull flaps its wings seldom, and sails about with great ease and 
grace. Sailing flight requires large wings and a comparatively light body. The wings of the grey gull measure 25 ins. in length, 
with an average breadth of 7 ins. My estimate of the wing capacity and weight of the diver and grey ^ull respectively was 
taken from fresh specimens, and is therefore reliable, a, h, r. Anterior margin of wing ; d, fyft posterior margm of wing, consisting 
of primary ((/), secondary («j), and tertiary (/) feathers ; y, wing covert. 
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Plate clxxii. — Illustrates long, narrow, moderately concavo-convex wings, semi-pointed and pointed at the tip, 
as seen in the gannet and albatross : also long, broad, deeply concavo-convex wing, rounded at the tip, as witnessed 
in the heron. (The figures in the plate are drawn from nature by C. Berjeau and the Author for the present work.) 

Fio. 1. — Wing of the gannet (Sida hassana). This is a long, powerful, semi-pointed wing, moderately concavo-convex. The 
primary feathers are especially strong and well formed, and the wings are well calculated to make long, fatiguing journeys to and 
from the feeding areas. The flight of the gannet consists of combined rowing and sailing movements — the latter predominating. 
It is a most interesting sight to watch a gannet fishing. When it finds its quarry it glides up on the wind and then, suddenly 
changing its course, it plunges head foremost into the sea as if it were a mass of lead. It seisses its prey and continues its flight 
under the water, from which it emerges at a considerable distance. The downward plunge of the bird is so rapid that a beautiful 
white spray of water is thrown up to an altitude of six or more feet. At the breeding season, on the Bass Rock, Scotland, the 
birds are so tame that I have watched their flight at not more than six or eight feet from me. a, b, c. Anterior margin of 
wing ; (if e,/, posterior margin of wing, consisting of primary (rf), secondary («), and tertiary (/) feathers ; ^, -wing covert. 

Fkj. 2. — Wing of the sXheLiross (Diamedea cjculans). This is the most striking and powerful of all the long, narrow, pointed 
wings. It is moderately concavo-convex. Like the v ing of the gannet, its primary feathers are remarkably strong and well formed. 
The wing of the albatross is at once the longest and narrowest of modern wings. It measures over six feet in length and is not 
more than eight inches in breadth. The albatross is a large, heavy bird, but its enormous pinions bear it aloft with the greatest 
ease, even in light breezes. The bird, when settled on the vi ater, makes immense efforts to get into the air by beating the water 
vigorously with its wings. When once fairly launched in space, it is completely master of the situation, and has been known to 
sail about for a whole hour without once flapping its wings. The albatross has no rival in sailing flight. The lamergeyers and 
vultures are, however, not far behind. These sometimes attain an altitude of over six miles, and float about for hours together with 
apparently little or no effort, a, b, c. Anterior margin of \% ing ; d, e, /, posterior margin with its primary (ci), secondary (f), and 
tertiary (/) feathers. 

Fig. 3. — Wing of the heron (Ardea cinerea). This is one of the best examples of a long, broad, deeply concavo-conyex wing 
rounded at the tip. Its primary, secondary, and tertiary feathers are weak as compared with corresponding feathers in the wings 
of the gannet and albatross. It is, compared w ith the size of the body of the bird, a very large wing. The heron provides one of 
the best examples of a light-bodied, large- winged bird. Its flight is very slow, almost solemn. I have often timed the beat of 
the wings. '1 he beats are exactly sixty to the minute. The bird flies with a slow, steady, flapping movement. It rarely attempts 
to skim even for short distances. 



§ 400, Movements of the Wing of the Bird— Flexion and Extension of the Wing— Valvular Action of 
the Primary and Secondary Feathers. 

Flexion and extension and the valvular action of the primary and secondary feathers form integral and im- 
portant parts of the movements of the wing of the bird, inasmuch as they furnish a means whereby the wing can evade 
the superimposed air during flexion and the up stroke and seize the nether air during extension and the down stroke. 

The valvular action of the feathers is only elicited during the flexion and extension of the wing in active rowing 
flight, when the wing is suddenly pulled together and flexed and the primary and secondary feathers separated and 
thrown out of gearing to let the air pass between them, and when the wing is suddenly shot out or extended and the 
primary and secondary feathers are closed and banded together to prevent the escape of the air. 

There is a popular belief that the wing is only flexed or folded when it is tucked up on the back of the bin! 



MOVEMENTS OF THE WING OF THE BIRD 12+3 

to be out of h&rm's way, and that in fliglit the wing is always extended. This, however, is a mistake. The flezioD 
of the wing and the separation of the primary and secondary feathers during the up stroke, and the extension of 
the wing and the closing and banding together of the said feathers during the down stroke, are integral and necessary 
parts of flight in all birds. This is proved beyond doubt by instantaneous photographs of flying birds. (See 
Plate clxv., Fig. 6, p. 1198.) 

The arrangements for folding and extending the wing and for opening and closing the primary and secondary 
feathers during the up and down strokes are of the most elaborate description. They form part of a highly complex 
system of inherent wing movements, and, in order to understand them, it is necessary to describe wing movements 
as a whole. 

On examining the wing of a living bird it is found that it is attached to the body by a loose ball-and-socket or 
universal joint which admits of upward, downward, forward, backward and oblique movemente, with rotatory move- 
ments along the anterior margin of the wing. The rotatory movements extend to the root of each primary and secondary 
feather ; the feathers rotating in one direction when they open up to let the air pass between them in the up stroke, 
and rotating in another and opposite direction when they close and band together to prevent the air escaping during 
the down stroke. The wing is flexed and elevated and extended and depressed by the action of voluntary muscles, 
but these movements can be readily produced artificially in the living bird. The muscles cause the hand of the 
bird to fold on the forearm at the wrist, and the forearm to fold on the arm at the elbow joint ; the wrist and 
elbow joints, and the bones forming the arm, forearm, and 
hand being spiral in their nature. The muscles are connected, 
in many cases, with an elaborate system of fibro-elastic hga- 
ments which are largely responsible for flexing the wing during 
the up strokes. These fibro-elastic hgaments are put upon the 
stretch by the voluntary muscles during extension and the 
down stroke. They assist the wing over its dead point« at the 
end of flexion and extension and during the up and down 
strokes, and convert its movements into voluntary vito- 
mechanical movements. 

In flight flexion occurs principally at the wrist joint, the „ ,,„ ,„ , ., , ,. ,. , , . . 

result being to reduce the length of the wing by about a half, of rotation for the root of tlie'H-ini; w[tli vudim /. / ,- <■, •/. aii« 
The wing i., «,n«,<,Mntly, .levied .8 . short l.ver with the ;' ^f-fl/ri^V^S, ZT, prin»,;K;» 
primary and secondary feathe is separated and open, and de- direutiim of tUeir length ; hi, r, traiiatvnw ii\U for tlie iwudi^K 
preyed „ a long l.ver w.th the «>™ f.ath.r. p,Med together jf ,X"a4"S.iVt*,K; iw' ''""'"' '""■"" 
and closed. The shortening and elongating of the wing and 

the opening and closing of the primary and secondary feathers are potent factors in alternately eluding and 
seizing the air during the up and down strokes. 

From the foregoing it will be evident that the living wing, when it is being flexed and elevated, and extended 
and depressed, and its primary and secondary feathers opened and closed during flight, is moving in all its parte at 
one and the same time. 

The upward and downward movements of the wing, its rotation along its anterior margin, and the rotation of 
the primary and secondary feathers at their roots will be readily understood by a reference to Fig. 513, where a, b 
represents the axis of rotation for the up and down movements with e, / as a radius ; c, d the axis of rotation along 
the anterior margin of the wing with g, p b& & radius ; n, s the axis of rotation of the primary feathers in the 
direction of their length ; m, r the rotation or bending of the same feathers transversely ; the letters k, i, j 
representing the primary, and k, I the secondary feathers. 

The folding and extending of the wing during the up and down strokes are seen at Fig. 514, which gives front 
and back views of the snipe with the featheis removed and partly dissected. This figure shows that the wing 
when flexed is only half the length of the wing when extended. 

The manner in which the primary and secondary feathers are opened up and thrown out of gearing in flexion 
— how they are partly geared in semi-extension, and completely geared and banded together in extension— will be 
readily appreciat«d by a reference to Fig. 515, which represents transverse sections of the primary and secondary 
feathers of the wing of the magpie in the positions indicated. 

The muscular arrangements, and the disposition of the primary and secondary feathers during flexion and 
extension in the wing of the pheasant, are given at Fig. 516. In this figure it will be observed that in the left or 
flexed wing, which is ready to make the up stroke, the primary and secondary featheis are separated, and present 
knife edges to the upper air ; whereas in the right or extended wing, which is prepared to make the down stroke, 
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they overlap and are banded together to prevent the escape of the nether air. It will abo be seen that the roots 
of the primary and secondary feathers are firmly imbedded in a fringe of skin and fibro-elastio material, which, on 
careful examination, is found to consist of three bands of fibrous tissue running in the direction of the length of the 
wing, with an oblique, zigzag band extending between every two feathers. The outer band, which is the widest of 
the three, is further provided with two sets of strong white fibres, which wind round the root of each feather and 
cause it to rotate in two opposite directions during the flexion and extension of the wing. Tbis oiiangemeiit 
makes it exceedingly difficult to extract the primary and secondary feathers, as all poulterers know. 

The rotatory action of the two sets of white fibres is largely mechanical, and ts brought into play daring 




Fio. 514— The common snipe {(Mtinayn c'r/«(i«). /.dirtr yti/mr— dorwil view. SIiohb rinht wing flexed u in flight, "itb the 
Ekiii, muBcles, bonea and elastic structures intiwt ; also the left wiiiK extended nnd partly dissected to show the muscloB, bones, iind 
elastic struotnreE in position. Tlia extended wing is twice as long as the flexed wing. 

Upper figiire,~\ontra\ surface of the snipe. Shows the right wing flexed and intact, and the left one extended and partly 
dissected to expose the muscles, bones, and elastic structures ; the great pectoral muscles of the breast (depresBora of the wing) 
are also exposed, n, Voluntary muscular slip tenuinuting in a fibro-elaatic band (r) ; this being in turn geared to a voluntary 
muscle ('>), and to certain musculo-fibmus elastic bands (li). Thuir conjoined action is to flex the forearm on the arm ; the srm 
being drawn towards the body by a mnsculo-fibrous elastic ligament (-■, ./). The elastic ligament (3, h) flexes the hand on the {oreatm. 
and the elustic li<.'ikment [i] the fingers on the hand. In the flexed condition of the right wing the skin and iibro-etastic ligaments 
are seen puckered and drawn together. The dorsal view of the extended left wing is given in the lower figure. (Dissected and 
drawn from nature by the Author, 1870.) 

flexion and the up stroke, when the feathers are made to rotat« in one direction, so as to separate and throw tbeiu 
out of gearing and let the air escape, and during extension and the down stroke, when the featheis are made to rotate 
ill another and opposite direction, to make them overlap and close to prevent the escape of the air. 

The arrangement of the muscles, muse ulo-fibro -elastic structures, and the distribution of the primary, secondair. 
anil tertiary feathers of the wiiifi, are seen to advantage in any of the large birds, such as the eagle, vulture, pelican. 
swan, alliatrikSB, &c. 

1 give careful dissections ami drawinfrs iif the ventral and dormil surfaces of the extended wing of the crested 
crane— a large, powerful binl — where the structural jieculiarities and inlricjicieB can be made out without difficulty. 

Fig. "il" provides the necessary ill ast rat ion. It deals more i's[iecially with the fibro-elastic structures and the 
disiHffiition of the primarv, spcondarv, and terttarv feathers : th<' niuscular arrangements being taken up in detail in 
Plate cl-xxiii., p. 1248. which follows' 
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Fia. fits. — TranaTsrse Mctiona of the 
primary mmI aecondar^ feathers of the 
wing of the magpie (Ptea tmliea) as aeen 
in flexion, Hmi-flexion, and extension. 

Upper figure. — The primary featherB 
are seen at r and are numbered 1 to 9 ; 
the secondary feathers occur at s; (tie 
■p«cfl between the primaries and second- 
aries is shown at z. The arrows directed 
obliquely upwards indicate where the air 
eacapes through the wing during flexion 
and the up stroke. Each primary feather 
displays a double or /curve very suitable 
for a valvular action, 

M^^jigure.—\n this figure the wins 
is seuii- extended and the primary ana 
aeoondary feathers semi-closed. The wing 
ia thrown into a beautiful arch, deeply 
concave on its under surface. The darts 
indicate the primary and secondary 
feathers in the act of closing ; a process 
greatly facilitated hy the double or / 
curve made hy each individual feather. 
In this figure, r and the numbers 1 to 9 
represent the primary feathers ; », the 
secondary feathers ; x, the space between 
them ; and the letters n to g the indi- . 
vidua! feathers. 

LotcerfiguTe, — In this figure the wi 
is fully extended, and the primary a 
secondary feathers completely closed and 
banded together to prevent the escape 
of air through them during the down 
stroke. A more perfect arrangement for 9 ^ 
the purpose cannot be conceived. In 
this case, the double or / curve mode hy 
each feather is reversed, and the feathers 
plait into and support each other in the moat wonderful manner. The valvular action of the feathers is complete. The individual 
primary and secondary feathers are lettered from n to q inclusive, and form an arch of extraordinary strength and beauty. (The 
sections made and drawn by the Author in 1870.) 




Fig. si 5. 




FiO. 516. — Wings of the pheasant (Phaninnuii ciMiicm) dissected to show the roots of the primary and secondary feathers in 
the flexed and extended conditions — bock or dorsal view. The tigure also shows the muscles of the right wing, and the muscles of 
the bock connected with both wings. The fi^nre will be readily understood from what has been stated above and what has gone 
before. (Dissected and drawn from nature by the Author.) 
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Fjo. fil7. — A. Dissection of tha veiitral upect of the wiii); of the creBted crane {Ihlearioi pni-onitia]. a, h, Voluntary miuculu 
alipe terminating in two strong Hbro-el&stic ligunents (it, k, m) ; j, a third fibro-elastic ligament ; c, powerful elastic membnue. 
The ninscular slips, fibru-ulastic bands, and elastic membrane work together and in unison, and play an import&nt part in Aezinf; 
the H'ing prior to the up struke by a vito-mechanical act. /, p, h, 1, Musculo'fibro-elaBtic ligament which envelops the roots of tlw 
primary and secondary feathers. The musculo-lihro-ehistic ligament forms a symmetrical network of great strength luid beauty; 
its component parts being nrranged in such a manner as to envelop the root of each individual feather. The net aork in queatioa 
supports the feathers, and limits tlieir peculiar valvular action. It is enlarged at C, D, E, and consists of three longitudinal bandi 
(r, 1; I, 11; 1; v). Between these bands two oblique bands, 7 and h, run. The oblique bands occur between everv two feathers. The 
marginal longitudiiutl band (r, ir) splits up into two processes, one of which curves round the root of each feather (jc) in a directina 
from right to left {r, h, n), the other in a direction from left to right (rf, e, /). These processes are also seen at m, n of E. Thej 
have the root of each feather completely under control, and their function, in conjunction with the oblique bands, is to rotate th« 
feathers from right to left dnring flexion, and from left to right during extension. The longitudinal and oblique bands are » 
geared together that they work in harmony, all the feathers enveloped by them being made to rotate in the same direction ■[ 
exactly the same instant of time. It is in virtue of the rotation of the individual primary and secondary feathers at their rooti 
that the feathers are separated from each other during flexion, and brought into close contact during extension ; and thus it i> 
that the air is avoided during the up stroke, and seized during the down one, 

B. Dissection of the dorsal aspect of the uing of the crested crane, n, VoluDtary muscular slips terminating in two stroo); 
fibro-elastic bands {k, Ic), which are connected with a powerful elastic membrane (c). These structures are largely responsibte 
for flexing the forearm on the arm during the up stroke, and for converting the wing into a short lever, whicb greatly reduces ths 
area of the wing and the air pressure during the up stroke, g, n. Intricate muscalo-fibro-elastic ligaments in which the roots of 
the primary and secondary feathers are imbedded, which connect and gear the feathers together, and which cause them to rotate 
from right to left iluriug flexion and from left to right during extension. By this means the valvular action of the feathers ii 
assured. When the feathers are made to rotate from right to left, as in flexion and the up stroke, they ar« separated, thrown oat 
of gearing, and opened up to let the air pass between. When the feathers are made to rotate from left to right, as in extensioo 
and the down stroke, they are brought into close apposition and banded together to prevent the escape of air. The fe&thers during 
their rotatory movements uork together and in unison, so that no mistake ever occurs in their valvular action either during fleiiwi 
and the up stroke or durinff extension and the down stroke. »i, », », Subsidiary root feathers [>lao8d obliquely acrosB the roots (A 
the secondary feathers, which act as springs for cushioning the latter ; they also prevent their rising too hixh during the down 
stroke, p. Subsidiary root feathers wedged between the roots of the primary feathers, which prevent too much lateral [^y in 
the latter. (Dissecte<l and drawn from nature by the Author.) 

In contemplating A of Fig. 517, which shows the ventral surface of the extended wing, one is struck with the 
beautiful display of niusclcB at the root of the wing, which creep along the wing to its tip ; also the powerful 
fibro-elastic structures which occupy its anterior margin and take a prominent part in flexing the wing ; also the 
orderly and methodical arrangement of the primary and secondary feathers which occupy its posterior margin, 
and which, as explained, have an important valvular action. 

At B of Fig. 'i\l the dorsal surface of the extended wing is seen. Here the same striking muscular, fibro- 
elastic arrangements are witnessed, and the same orderly and highly intricate disposition of the primary, secondary, 
and tertiary feathers. The primary feathers at the tiji of the wing are wedged in by smaller feathers sod 
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supported on a strong, flat, osseous platform formed by two metacarpal bones, and by the fusion of the finger- 
bones of the hand of the bird modified in a remarkable manner for the express purpose. The secondary feathers 
are also provided with smaller auxiliary feathers, which extend obliquely across their roots and act as springs 
to cushion them and prevent the feathers rising too high during the down stroke. 

At C and D of Fig. 517, the three sets of fibrous bands which run along the roots of the primary, secondary, 
and tertiary feathers in the direction of the length of the wing, with a double set of fibrous bands extending obliquely 
between the roots of every two feathers, are strongly in evidence ; as also the two sets of white fibres which coil 
round the root of each feather in opposite directions, and which confer on each feather a rotatory movement in 
two directions, and ensure the valvular action of the wing during flexion and the up stroke, and during extension 
and the down stroke. 

The two sets of white fibres which confer two diametrically opposite rotatory movements on the root of each 
primary and secondary feather are seen at E of Fig. 517. 

§ 401. Muscles, Bones, Joints, Elastic Structures, &c., of the Wing of the Bird. 

The bird is provided with a powerful muscular system which is very largely devoted to the propulsion of 
the wings in flight. Quite two-thirds of the muscles of the whole body are set apart for the discharge of this 
important function. The muscles of the wing are voluntary in their nature, and are put in motion and controlled 
by the will of the bird. The movements of the wing are never random ; they are designed and regulated, in the 
same sense that the movements of our 0¥ni limbs in walking are. A bird has to learn to fly as a child has to 
learn to walk. Any dislocation of the muscles of the wing, or of its nerve supply, is fatal to flight. The wing 
is at once exceedingly mobile and exceedingly sensitive, and it feels about for and utilises air currents to quite 
an extraordinary extent. 

It is this mobility and hyper-sensitiveness of the wing which in ordinary rowing flight and in sailing flight 
enable the bird to take advantage of every wind that blows and of every puff of wind, and to balance and steer 
its course with such amazing precision in the fickle, ever-changing element in which it progresses. A slight altera- 
tion in the angle made by the body or wings with the horizon, a slight tilting of the body or wings, a tremulous 
movement of even the primary, secondary, and tertiary feathers of the wings, suffice to give the bird the mastery 
of the situation.^ It is here that the rigid, immobile, insensitive aeroplanes at present employed in aerostation 
fail, and become a source of danger to those who attempt to solve the problem of artificial flight by their assistance. 
Rigid aeroplanes do not accommodate themselves to air currents as mobile, sensitive wings do, and may suddenly, 
and without warning, shoot upwards, downwards, or laterally, to the dismay and discomfiture of the aeronaut. 

That the wings are put in motion and their movements controlled by nerve action is proved by a very simple 
experiment. If the motor nerves of the wing be divided, the movements of the muscles are no longer co-ordinated, 
and the muscles cease to work harmoniously. The movements of the wing under these circumstances become 
inexact and sprawling, and though frequently violent, are wholly ineffective for the purposes of flight. 

When the art of flight has been once acquired, the up and do¥ni strokes of the wing are delivered with the 
greatest precision and regularity. The wing movements ultimately become rhythmic in character and more or 
less automatic. 

Considerable misapprehension exists as to the manner in which the wing of the bird is propelled during the 
up and down strokes. Some, following the lead of Chabrier, who advocates a mechanical action of the wing in 
the insect, incline to the belief that the wing is depressed by volimtary muscular action, but that it is elevated by 
the reaction of the air (compressed by the descent of the wing) on its under surface, which forces it mechanically 
upwards. This view is negatived by the presence in the bird of an independent and separate set of muscles for 
elevating the wing ; and especially by the fact that when the wing is flexed, its area is reduced by half, and its 
primary and secondary feathers separated and opened up to let the air escape. 

The muscular and other arrangements of the wing of the bird are seen to advantage in the pigeon, a bird 
of powerful flight and easily available for purposes of reference. I give original dissections and drawings of the 
ventral and dorsal aspects of the bird, and also a view of the bones of the wing in which the extraordinary modifica- 
tions of the wrist, and especially of the hand which supports the roots of the primary or rowing feathers, are given. 
These modifications consist of a reduction of the carpal bones of the wrist, of a reduction of the metacarpal 
bones to two, and of the digits to three. Nor is this all ; the first digit or thumb, which forms the alula or false 

' At the Bass Rock, Firtli of Forth, Scotland, at the breeding season, the ^annetH ai*e exceedingly tame, and lly alMint within a few yanls of 
one's head. In such circunisUiuces 1 have actually seen the changes n^ferred to alwive (MMMirring in the iNuly, wings, and feathers. The tanieness 
of the tfmnnets when sitting on eggs is phenomenal, and I have again and again |M)ked them off their nests with my stick. On such occasions, 
tbey did not go more than a few feet from their eggs, and returned to them the moment I left. 



1248 



DESIGN IN NATURE 



PLATE CLXXIII 




DIMENSIONS AND WEIGHTS OF IMPORTANT PARTS OF PIGEON 1249 

wing, is displaced and occurs near the wrist ; while the two metacarpal bones and the remaining two digits are 
flattened and soldered together, and so greatly elongated that when taken together they measure as much as the 
cubitus or forearm (Plate clxxiii., Fig. 4). 

It will be observed that the wrist and hand of the pigeon are altered and modified almost beyond recognition ; 
the object being to confer amplification and strength on these parts, which afford support to the primary or rowing 
feathers on which flight chiefly depends. This modification of the wrist and hand of the bird for a special 
purpose furnishes a very striking example of design. It is not due to evolution, which carries with it the idea 
of an advance from a lower to a higher level, but to development in a particular direction, and to arrest of 
development and suppression of parts in another and opposite direction, which cannot be explained apart from 
original endowment and a special provision of means to ends. 

The hand of the bird is, in several respects, even more wonderful than the foot of the horse. Both are 
specially modified, specially endowed structures, and when regard is had to the particular functions to be discharged 
by them respectively, they must stand forth as crowning examples of original creations, and the outcome of 
intelligence alike from the physical, physiological, and teleological points of view (vide Plate clxxiii., Fig. 4).' 

PLATE CLXXIII 

Plate clxxiii. — Shows anterior and posterior views of the muscles, ligaments, elastic structures, &c., connected 
with flight, in the wing of the pigeon : also the bones, joints, and greatly modified wrist and hand of the bird. 
(Drawn by C. Berjeau for the present work from original dissections by the Author.) 

Fio. 1. — Ventral aspect of the pigeon {Columba lirna\ with the chest and wing muscles dissected, a, a'. The body ; 6, c, the 
humerus or arm -bone ; c, d, the radius and ulna (forearm or cubitus) ; d, e, f, the hand ; g, the pectoralis major or great depressor 
muscle of the wing ; h, tensor vMcte also (tensor patagii longiis) which stretches the fibro-elastic ligament ; i, tensor patagii brevis 
which assists in stretching the nbro-elastic ligaments; j, retractor plica; alse which draws back the fibro-elastic ligaments during tlie 
flexion of the wing ; A;, extensor of the forearm or cubitus, also known as the triceps ; /, the biceps muscle which flexes the forearm 
on the arm ; m, the extensor metacarpi radialis longior, also knowm as the supinator radii longus ; n, the pronator radii teres ; o, flexor 
carpi ulnaris ; p, palmaris longus ; g, flexor carpi radialis ; r, flexor digitorum ; «, abductor digiti ; t, adductor digiti ; u, supinator 
or extensor digiti (interosseus palmaris). 

Fig. 2, — Lateral view of the thorax of the pigeon, a, The head of the humerus or arm -bone ; 6, the keel of the breast- bone or 
sternum ; c, the ribs with flat bony processes for gearing them together and supporting them under strain — the interosseus muscles 
are seen between the ribs ; d^ d\ the pectoralis major, the great depressor of tne wing, cut across ; e^ /, the pectoralis medius and 
pectoralis minor ; g, the clavicularis muscle. 

Fig. 3. — Muscles of the dorsal surface of the wing of the pigeon, a. The body ; 6, c, humerus or arm-bone ; r, rf, cubitus or forearm » 
df «,/, the hand ; g^ the latLBsimus dorsi (its anterior portion) ; ^, the latissimus dorsi (its posterior portion); t, the trapezius ; ;', the 
infra spinatus ; A;, the pectoralis major ; /, the deltoides or elevators of the wing ; tn, tensor plicie a]«e (tensor patagii longus) ; n, tensor 
patagii brevis — these two muscles stretch the fibro-elastic ligaments ; o, the extensor cubiti or triceps, the muscle which extends the 
forearm ; o, the retractor plicse aloe, the muscle which draws back the fibro-elastic ligaments in flexion ; 9, the flexor cubiti or biceps 
which folas the forearm on the arm ; r, the extensor carpi radialis brevis ; s, the extensor and flexor digitorum ; ^, the extensor carpi 
ulnaris ; u^ the flexor carpi ulnaris ; r, the abductor digiti ; ir, the adductor digiti ; x, the supinator or extensor digiti (interosseus 
palmaris); y, the abductor digiti (extensor proprius pollicis) ; ;;;, the adductor primi digiti. 

Fig. 4. — The bones of the wing of the pigeon, o, The scapula ; 6, the tip of the coracoid bone ; c, the shoulder-joint, universal 
in its nature ; rf, the humerus or arm-bone ; e, the elbow-joint— a spiral hinge joint ; /, gr, the radius and ulna (the cubitus or forearm) ; 
hy the wrist-joint ; t, two carpal bones ; j, /, the second and third metacarpal bones joined above and below by osseous union ; ky the 
pollex or thumb (first finger) ; /, Vy the phalanges of the second and third two fingers fused and soldered together. The second and 
third metacarpal bones, and the corresponding second and third phalanges or finger-bones are flattened and more or less completely 
fused to afford a strong, flat, osseous support for the roots of the primary feathers, which are chiefly engaged in flight. 

§ 402. Dimensions and Weights of Important Parts of the Pigeon (Coiumba Uvia). 

It may interest the reader if, at this stage, I supply a carefully prepared table of the measurements and 
weights of the more outstanding parts of this much cherished and highly popular bird. I have prepared and 
append such a table, compiled from data furnished by a fully grown, finely plumaged, fresh specimen. 

The table enables us to arrive at certain important conclusions having a direct bearing on the interesting subject 
of flight. 

The pigeon is a powerful flyer, provided with moderate sized, well formed, strong wings. It also possesses 
a highly developed muscular system. 

The expanse of the wings, measured across the back, is 28J inches ; the wings, where widest, being 5} inches. 
The muscles of the wings are large and powerful, and they (or their tendons) extend quite to the tips of the wings, 
thus demonstrating that all parts of the wings are thoroughly under control. 

The weight of the body is 17 ozs., while that of the great pectoral or chest muscles which depress the wings 
during the down strokes is 4} ozs. This is considerably more than a quarter of the weight of the entire body, 

VOL. III. 55 
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and goes to show the tremendous energy with which the wings are driven during the down strokes. In order to 
sustain the great downward thrust of the wings, the skeleton of the pigeon, and other flying birds, is provided 
with two strong, vertical, bony colunms (coracoid bones), extending between the upper portions of the great keel-shaped 
sternum and the clavicles (furcula). The coracoid bones, clavicles, and scapulae form tripods of support for the 
heads of the humeri, and enter into the composition of the ball-and-socket shoulder-joints. 

The muscles, tendons, and elastic structure of the wings, including the muscles of the shoulders (elevators of 
the wings), scapula?, and those connecting the wings with the body and with the spines of the dorsal vertebrae, weigh 
IJ ozs. The muscles connected with flight, therefore, reach the grand total of 6 J ozs., which is considerably 
more than a third of the whole weight of the bird. The power of the wings is thus assured. The muscles and 
tendons of the legs, including those which connect the legs with the body and back, only weigh | of an oz., showing 
that the leg muscles are sacrificed to the wing muscles and the exigencies of flight. 

The entire muscles of the pigeon may be estimated at 8 ozs., and of this muscular aggregate, the wings and 
the wing movements appropriate no less than 6^ ozs. Here, surely, is an outstanding example of '^ means to ends '' 
and of design and of prescient intelligence. Not only the muscles and soft parts of the wings, but, as has 
been shown, the osseous or hard parts of the wings, are much modified and severely subordinated to the inexorable 
demands of flight. Such results cannot be attained by any process of " evolution " or " natural selection," how- 
ever long continued, and the wings of birds must be regarded as original creations so far as their muscles, bones, 
nerves, elastic structures, and primary, secondary, and tertiary feathers are concerned. No kind of environment 
could possibly produce the startling modifications witnessed in the wings adapted for aerial flight, and no amount 
of wishing and willing on the part of animals desirous of flying could ever bring about such unlooked-for and extra- 
ordinary changes. Wings are nothing, if they are not original, specially endowed structures. Their presence can 
only be explained by regarding them as integral fundamental parts of the animals possessing them. They are 
not makeshift organs, but bond fide original organs, created to discharge a most difficult and indispensable function. 

Professor Sir E. Ray Lankester, in his recent interesting work, " Extinct Animals " (1905), expresses a contrary 
opinion, which, however, he admits is beset with difficulties, and only partially explains the facts. Speaking of the 
wings of pterodactyls and bats, he refers to those of flying fishes and insects in the following words : " There are 
other two kinds of flying animals, namely, the flying fishes (which do not fly far), and the six-legged insects or flies, 
bees, and beetles. They have all independently acquired the habit of flying, and have had certain parts of their 
bodies changed into wings. The process of change must have been gradual, and have taken an enormous lapse 
of time to bring it about in each kind. . . . Probably the wings of birds and of insects were both derived from 
fin-like organs which were used to swim with before they were used in the air. But the origin of the wing of the 
pterodactyls, and independently that of the wing of the bats, does not seem to have been of this nature, and 
is one of the many very puzzling matters which further discoveries may one day enable us to understand." 

In connection with the above quotation I have to observe that there is no proof whatever that flying fishes, 
insects, and birds " have all independently acquired the habit of flying, and have had certain parts of their bodies 
changed into wings." No amount of repetition of wing movements could ever result in flight in the absence of fully 
developed wing structures, and no animal has the power of developing travelling organs, especially wings, at will. 
That power could only be exerted by the original Maker of the animal, while it was in process of formation. 
Moreover, the wings of pterodactyls and bats do not essentially differ from those of insects and birds. They 
present no difficulties which do not equally exist in the wings of insects and birds. As a matter of fact, and 
as I have already explained, all wings are formed on a conunon model, and cannot be dissociated. The same 
plan of construction is traceable in all, and they are, in every case, to be regarded as original integral parts of the 
animals possessing them. 
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Length of l)o<ly from tip of lK*ak to tip of tail 
(Jirth of ))o(iy at widest ]»art of cliest 
Leiigtli of lutak, liead, and neck 
Lengtli of body .... 
Lengtli of tail .... 

Expanse of wings from lip to tip, niuasu 
Lengtli of wing fioin root to tij> 
Breadth of wing wlien* widest 
Breadth of ])riniary feathers where widest 
lireadth of secondaries, where wide.st 
Width of secondaries nearest to body 
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back 



. 17 

. 10 
. f) 

''J 



ms. 



•1 



Weights of Parts of Pigeon (Columba livia) 

Weight of entire body 17 

Weight of integument and feathers 2i 

Weight of muscles of chest — pectorals — depreKsors of 

the wings ......... 4| 

Weight of muscles, tendons, and elastic structures of 
wings, including muscles of shoulders (elevators of 
the wings), siajjulw, and the muscles connecting the 
wings with the spines of the dor>al vertebrae . . Ij 
Weight of mubcles and tendons of legs, including the 
musclo whi( h connect the legs with the body and 

I KlC K. . . . . . • . .Y 

Weight of viscera ........ 3f 

Weight of skeleton, including muscles of head, neck, 
abd(»men, and tail ....... 4 



ozs. 
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§ 403. Consideration of the Forces which propel the Wings of Birds and Bats. 

The muscular system of birds has been already fully described, and I need only repeat in this connection 
that there are muscles which by their action are capable of elevating and depressing the wings, and of causing 
them to move in a forward and backward direction, and obliquely. They can also extend or straighten and bend 
or flex the wings, and cause them to rotate in the direction of their length during the down and up strokes. The 
muscles principally concerned in the elevation of the wings are the smaller pectoral or breast muscles {pectoralis 
minor) ; those chiefly engaged in depressing the wings are the larger pectorals {pectoralis major). The pectoral 
muscles correspond to the fleshy mass foimd on the breast-bone or sternum, which in flying birds is boat-shaped, 
and furnished with a keel. These muscles are sometimes so powerful and heavy that they outweigh all the other 
muscles of the body. The power of the bird is thus concentrated for the purpose of moving the wings and con- 
ferring steadiness upon the volant mass. In birds of strong flight the keel is very large, in order to afford ample 
attachments for the muscles delegated to move the wings. In birds which cannot fly, as the members of the ostrich 
family, the breast-bone or sternum has no keel. 

The remarks made regarding the muscles of birds apply with very slight modifications to the muscles of 
bats. The muscles of bats and birds, particularly those of the wings, are geared to, and act in concert with, 
elastic ligaments or membranes, to be described presently. 

§ 404. Lax Condition of the Shoulder-joint in Birds, Bats, &c. 

The great laxity of the shoulder-joint in birds and bats readily admits of their bodies falling downwards and 
forwards during the up stroke. This joint, as has been already stated, admits of movement in every direction, 
so that the body of the bat or bird is like a compass set upon gimbals — that is, it swings and oscillates, and is equally 
balanced, whatever the position of the wings. The movements of the shoulder-joint in the bird, bat, and insect 
are restrained within certain limits by a system of check ligaments and prominences ; but in each case the range 
of motion is very great, the wings being permitted to swing forwards, backwards, upwards, downwards, or at any 
degree of obliquity. They are also permitted to rotate along their anterior margin, or to twist in the direction 
of their length to the extent of nearly a quarter of a turn. This great freedom of movement at the shoulder-joint 
enables the insect, bat, and bird to rotate and balance upon two centres — the one running in the direction of the 
length of the body, the other at right angles or across the body, in the direction of the length of the wings. 

In the bird the head of the humerus is convex and somewhat oval (not round), the long axis of the oval being 
directed from above downwards — that is, from the dorsal towards the ventral aspect of the bird. The humerus 
can, therefore, glide up and down in the facettes occurring on the articular ends of the coracoid and scapular bones 
with great facility, much in the same way that the head of the radius glides upon the distal end of the humerus. 
But the humerus has another motion ; it moves like a hinge from before backwards, and vice versd. The axis of 
the latter movement is almost at right angles to that of the former. As, however, the shoulder- joint is connected 
by long ligaments to the body, and can be drawn away from it to an appreciable extent, it follows that a third 
and twisting movement can be performed, the twisting admitting of rotation to something like a quarter of a turn. 
In raising and extending the wing preparatory to the downward stroke two opposite movements are required, 
namely, one from before backwards, and another from below upwards. As, however, the axes of these movements 
are at nearly right angles to each other, a spiral or twisting movement is necessary to run the one into the other 
— ^to turn the comer, in fact. 

From what has been stated it will be evident that the movements of the wing, particularly at the root, are 
remarkably free, and very varied. A directing and restraining, as well as a propelling force, is therefore necessary. 

The guiding force is to be found in the voluntary muscles which connect the wing with the body in the insect, 
and which in the bat and bird, in addition to connecting the wing with the body, extend along the pinion even 
to its tip. It is also to be found in the musculo-elastic and other ligaments, seen to advantage in the bird. 

§ 405. The Wing Flexed and partly Elevated by the Action of Elastic Ligaments— the Nature and 
Position of such Ligaments in the Pheasant, Snipe, Crested Crane, Swan, &c. 

When the wing is drawn away from the body of the bird by the hand, the posterior margin of the pinion 
formed by the primary, secondary, and tertiary feathers rolls down to make a variety of inclined surfaces with 
the horizon. When, however, the hand is withdrawn, even in the dead bird, the wing instantly folds up ; and 
in doing so reduces the amount of inclination in the several surfaces referred to. The wing is folded by the action 
of certain elastic ligaments, which are put upon the stretch in extension, and which recover their original form 
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and position in flexion. This simple experiment shows that the various inclined surfaoeB requisite for flight are 
produced by the mere acts of extension and flexion in the dead bird. It is not, however, to be inferred from 
this circumstance that flight can be produced without voluntary movements any more than ordinary walking. 
The muscles, bones, ligaments, feathers, &c., are so adjusted with reference to each other that if the wing be 
moved at all, it must move in the proper direction — ^an arrangement which enables the bird to fly without think- 
ing, just as we can walk without thinking. There cannot, however, be a doubt that the bird has the power of 
controlling its wings both during the down and up strokes ; for how otherwise could it steer and direct its coarse 
with such precision in obtaining its food ? how fix its wings on a level with or above its body for skimming 
purposes ? how fly in a curve ? how fly with, against, or across air currents ? how project itself from a rock directly 
into space ? or how elevate itself from a level surface by the laboured action of its wings ? 

The wing of the bird is elevated to a certain extent in flight by the reaction of the air upon its under surface ; 
but it is also elevated by muscular action — by the contraction of the elastic ligaments, and by the body falling 
downwards and forwards in a curve. 

That muscular action is necessary is proved by the fact that the pinion is supplied with distinct elevator 
muscles.^ It is further proved by this, that the bird can, and always does, elevate its wings prior to flight, quite 
independently of the air. When the bird is fairly launched in space the elevator muscles are assisted by the 
tendency which the body has to fall downwards and forwards ; by the reaction of the air ; and by the contrac- 
tion of the elastic ligaments. The air and the elastic ligaments contribute to the elevation of the wing, but both 
are obviously under control — they, in fact, form links in a chain of motion which at once begins and terminates 
in the muscular system. 

That the elastic ligaments are subsidiary and to a certain extent under the control of the muscular system 
in the same sense that the air is, is evident from the fact that voluntary muscular fibres run into the ligaments 
in question at various points. The ligaments and muscular fibres act in conjunction, and fold or flex the 
forearm on the arm. There are others which flex the hand upon the forearm. Others draw the wing towards 
the body. 

The elastic ligaments, while occupying a similar position in the wings of all birds, are variously constructed 
and variously combined with voluntary muscles in the several species. 

§ 406. The Elastic Ligaments more Highly Differentiated in Wings which Vibrate Rapidly. 

The elastic ligaments of the swan are more complicated and more liberally supplied with voluntary muscle 
than those of the crane, and this is no doubt owing to the fact that the wings of the swan are driven at a much 
higher speed than those of the crane. In the snipe the wings are made to vibrate very much more rapidly than 
in the swan, and, as a consequence, we find that the fibro-elastic bands are not only greatly increased, but they are 
also geared to a much greater number of voluntary muscles, all which seems to prove that the musculo-elastic 
apparatus employed for recovering or flexing the wing towards the end of the down stroke becomes more and 
more highly differentiated in proportion to the rapidity with which the wing is moved.^ The reason for this is 
obvious. If the wing is to be worked at a higher speed, it must, as a consequence, be more rapidly flexed and 
extended. The rapidity with which the wing of the bird is extended and flexed is in some instances exceedingly 
great ; so great, in fact, that it escapes the eye of the ordinary observer. The speed with which the wing darts 
in and out in flexion and extension would be quite inexplicable, but for a knowledge of the fact that the different 
portions of the pinion form angles with each other, these angles being instantly increased or diminished by the 
slightest quiver of the muscular and fibro-elastic systems. If we take into account the fact that the wing of the 
bird is recovered or flexed by the combined action of voluntary muscles and elastic ligaments ; that it is elevated 
to a considerable extent by voluntary muscular effort ; and that it is extended and depressed entirely by muscular 
exertion, we shall have difficulty in avoiding the conclusion that the wing is thoroughly under the control of the 
muscular system, not only in flexion and extension, but also throughout the entire down and up strokes. 

An arrangement in every respect analogous to that described in the bird is found in the wing of the bat, 
the covering or web of the wing in this instance forming the principal elastic ligament. 

' Mr. Mac^llivray and C. J. L. Kmnip, a Danish autlior, state that thr wing is t-levatcd hy a vital force, viz. by the coiitniction of the 
f}fctoraiis minor. This inusck*, accoitling to Kranip. atts with (mc-ciglith tlir intiMJsity of ihc pciioralis majf/r (the depressor of the wing). He 
hases his statement ujx>n tlie fact that in the pigeon the jK'ctonilis minor or elevator of the wing weighs one-eighth of an ounce, whereas the 
j>ectorali8 major or depressor of the wing weighs seven-eighths of an ounce. It ought, however, to W, home in mind that the volume of a muscle 
dws not necessarily detennine the j>recise iiiMueiice exerted ]»y its action : for the tendon of the nmscle may Iw made to act upon a long lever, 
and under favourable conditions for developing it« jK)wei"s, whih* that of another muscle may Ix^ made to act ujwn a short lever, and, conse- 
quently, under unfavourable (conditions. ("On the Flight of iiirds." j». :iO. ( -ojM'nhagen, 1869.) 

* A careful account of the musculo-elastic stnictures occurring in the wing of the j>igeon is given by Mr. Macgillivray in his ** History «f 
British Biixls," pp. 37. :J8. 
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§ 407. Power of the Wing — to what owing. 

The shape and power of the pinion depend upon one of three circumstances — ^to wit, the length of the 
humerus,^ the length of the cubitus or forearm, and the length of the primary feathers. In the swallow the 
humerus, and in the hunmiing-bird the cubitus, is very short, the primaries being very long ; whereas in the 
albatross the humerus or arm-bone is long and the primaries short. When one of these conditions is fulfilled, the 
pinion is usually greatly elongated and scythe-like — ^an arrangement which enables the bird to keep on the wing 
for immense periods with comparatively little exertion, and to wheel, turn, and glide about with exceeding ease 
and grace. When the wing is tnmcated and rounded, a form of pinion usually associated with a heavy body, 
as in the grouse, quail, diver, and grebe, the muscular exertion required, and the rapidity with which the wing 
moves, are very great ; those birds, from a want of facility in turning, flying either in a straight line or making 
large curves. They, moreover, rise with difiiculty, and alight clumsily and somewhat suddenly. Their flight, 
however, is perfect while it lasts. 

The goose, duck, pigeon, and crow are intermediate both as regards the form of the wing and the rapidity 
with which it is moved. 

The heron and humming-bird furnish extreme examples in another direction — the heron having a large wing 
with a leisurely movement, the hunmiing-bird a comparatively large wing with a greatly accelerated one. 

But I need not multiply examples ; suffice it to say that flight may be attained within certain limits by every 
size and form of wing, if the number of its oscillations be increased in proportion to the weight to be raised. 

§ 408. The Skeleton or Osseous System of the Bird (Golden Eagle). 

In contemplating the skeleton of the bird one is at once struck with the comparatively small size of the 
body, with the enormous development of the anterior extremities or wings as compared with the anterior 
extremities of all other animals, as also with the dwarfed dimensions of the posterior extremities or legs of the 
bird itself. Unless in the birds of prey, where powerful legs, feet, and talons are required for seizing, rending, and, 
in certain cases, carrying off the quarry, the wings are greatly in excess of the legs. Even in the golden eagle — 
our typical bird of prey — the wings exceed the legs by more than one-third in length, and the corresponding bones 
of the wings are much thicker and stronger than those of the legs. All this is necessary to increase the great 
expanse of wing required for the purposes of flight. 

Of course, wings vary in size according to the kind of work to be performed by them. Thus in the auks, 
penguins, and guillemots, which fly under water, the wings are reduced to a minimum and are comparatively 
small. In the divers, loons, and grebes they are also small. In the heavy-bodied, short-winged birds, such as the 
turkey, pheasant, grouse, and partridge, they are larger, but still small compared with the size of the body. It 
is in the sea-going birds, such as the gull, tern, gannet, frigate bird, pelican, and albatross, and in the larger 
land birds, such as the herons, eagles, and vultures, that they attain their fullest development. Wings intermediate 
in size are found in the duck, goose, pigeon, owl, magpie, crow, woodcock, snipe, landrail, and plover. 

To make the large, powerful wing bones as light and as strong as possible, they are, as a rule, composed of 
hollow cylinders filled with air instead of marrow. This is one of the refinements of construction which the 
Master-mechanician has adopted in carrying out the high purpose of flight. 

While a very large proportion of birds are provided with hollow bones and air sacs, it is well to bear in mind 
that flight is not dependent on either the one or the other. The bats have marrow in their bones and no air 
sacs. The same is true of the swifts and many excellent flying birds. 

According to Dr. Crisp, the swallow, martin, and many birds of passage have no air in their bones. 

It is only necessary to allude, in a passing way, to the wingless birds, such as the dodo, apteryx, moa, 
ostrich, emu, and cassowary. They have no part in flight. It will suffice to say, that there is no reason to believe 
that the wingless running birds ever had wings, or that the aborted wings they possess are degenerations. The 
rudimentary wings indicate a general structural plan and arrest of development at a given point and for a specific 
purpose. The wingless birds have the same warrant for their existence as the flying birds. Both afford examples 
of design and of growth and modification in particular directions with a view to secure certain results in the 
great scheme of nature. The presence, or absence, or partial development of a structure depend wholly on the 
end to be achieved. Structures are in every instance means to ends, and if they are not required they are not 

' "The humerus varies extremely in lengtli, being very short in the swallow, of moderate length in the gallinaceous birds, longer in the 
crows, very long in the gannets, and unusually elongated in the albatross. In the golden eagle it is also seen to be of great length.** 
(Macgilliyra7»s *' British Birds,** vol. i., p. 30.) 
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developed at all, or only jurtially developed. The wingless birds cannot be regarded as evolations, as they do not 

represent progress and advance, but arrested developments and retrogressionfi, in which evolution can take no part. 

There is no proof that fully grown, useful flying wings deteriorate from non-use. The domestic fowl has 




Fig. r>18.— Ilie skfMon nf the pildm laule, Jniiu aicordiui,' to acile ind from nature Mark the groat size of the winp 
BM tumparKil with the legs and body The binies atid joinia nt the wing aiL all mure or leas spiral in their nature, n, TTie 
shoiilder-joiiit^-thii joitit, which unites the wing to thi l)odj, ion«ists of a Ioo«e, ball and-wwkel, spiral arrangement which con- 
fers iinivei-Kalilv of movement on the wing, b, the hunieiu't or arm bune , r, tW elbow ji>int, d, t, tne ulna and rsdiiu (the cubilm 
orfon'arni i)f the mug),/, ths unst joint •/, the thumb or hist hngtr of thi' band of th« bird —this forma the alula or false wing: 
h, r, seiond ami tliird melacjiquil Iwiien of the hand wildered Ijigi'ther at top an<I liotlom bj oaaeima union ; j, metacarpophaluigal 
joint ; k; I. tuo or more [ihaliiuges or tin^'erii of haml tktteiied and fused together ; in, pliidangeal or finger.joint ; n, terminal dl^L 
TIlc bones and joiiitf of thi- leg, like thone iit tln' wing, ari' alwi spiral in characler. o. The liin-juinl (universal in ita nature) wbieb 
(■iinnects the leg to Ihe biidj-; jii, the feiniii- oi tliigb-lxitie ; 7, the Knee-joint ; 1; tlie tibia and tibnla or leg-bonea ; », the ankle-joinl: 
I, two niebkUtxal boiie^ fni^ and blended into one Ixme : i', nietalan<o-]ilm1aiig<'al Joint ; t^ the digits and talons or cUn-s of the foot 

flown rarely, and only intermit t-eiitly. diiritif]; the last »\x or Pcveii thousand years, yet ite wmgs are fully developed, 
and equal to flight if iierenHary. A distinction in to lie drawn between a useful organ perfectly formed at the outset 
as an integral jmrt of an organism, and its pos-^ilile deterioration from disuse ; and between an imperfect, useless 
organ which has no function assigned to it and i-ould not Im cjilled into being by externalities to fulfil a wani 
which ie not felt, or meet a set of (■nndltions wliii'h do not exist. The wingless birds, primarily, are runnm awl 
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not flyers, and, as a consequence, the legs are greatly developed at the expense of the wings. The wingless con- 
dition is an adaptation to a purely terrestrial existence, but not a purposeless adaptation. The end justifies 
the means, and explains the situation. Large, fully developed flying wings would be as inconvenient to the running 
birds as large anterior and posterior extremities would be to the flying birds, or to the whales, porpoises, and 
sea-mammals generally. The non-possession of wings by running birds confines the movements of such birds 
to the earth, in the same way that the non-possession of large arms and legs and the presence of a powerful 
swimming tail confine the movements of the sea mammals to the water. These modifications and adaptations 
bristle with design. They are not the outcome of chance, but of the highest intelligence working in certain 
grooves to achieve certain resulte which are predetermined and fully understood from the first. 

While nature cannot afford to wait indefinitely for the development of organs which are superfluous or useless 
until they are fully developed, neither will she unreservedly pledge herself to keep up useful organs if they are 
not called upon to discharge their appropriate functions. Some parasites lose their legs when they adopt the 
parasitic habit ; the fishes which live in dark caves ultimately lose the use of their eyes. It is the glory of the 
universe that everything which exists has a function to perform ; the cosmos consisting of an interminable system 
of actions and reactions all working together for good. 

It is not necessary to deal with the skeleton of the bird as a whole. I will, therefore, confine my observations 
mainly to the wings and legs. It should, however, be stated that the bodies of flying animals are much inferior 
in size to those of other animals ; their anterior extremities or wings being very greatly in excess. They have 
also large scapulae, coracoid bones, and clavicles (furcula) to support the greatly developed humeri or arm-bones and 
an inmiense breast-bone with a keel to give attachment to the powerful pectoral muscles which depress the wings 
during the down stroke. The ribs are also provided with transverse, bony processes which band these structures 
together and ensure mutual support against sudden or unusual strain. 

These several points, as well as the relative sizes of the bones of the wings, legs, and body, are illustrated at 
Fig. 518, an accurate representation of the skeleton of the golden eagle which I have had specially drawn from 
nature by C. Berjeau for the present work. 

The eagle (acknowledged king of birds) flies by the rowing movement of its wings, and also by sailing, 
skimming, and gyratory movements. I have had frequent opportunities of studying the flight of this magnificent 
bird in the Highlands of Scotland. It resembles that of the large hawks in general. When hunting, the eagle flies 
for several hundred yards by the flapping of its large, powerful wings, after which it glides or sails for a longer or 
shorter distance, when the flapping is renewed. When not himting, the bird seeks the upper ether by alternate 
flapping and skinmiing movements in huge upward spirals until it appears a mere speck in the vast dome of 
heaven. 

§ 409* The Bones of the Wing of the Bird— their Articular Surfaces, Movements, &c. 

The humerus, or arm-bone of the wing, is supported by three of the trunk-bone«, namely, the scapula or 
shoulder-blade, the clavicle or collar-bone, also called the furculum, and the coracoid bone — these three converging 
to form a poirU d^ajypui, or centre of support for the head of the humerus, which is received in facettes or depressions 
situated on the scapula and coracoid.^ In order that the wing may have an almost unlimited range of motion, it 
is articulated to the tnmk by a somewhat lax universal joint, which permits vertical, horizontal, and intermediate 
movements.^ The long axis of the joint is directed vertically ; the joint itself somewhat backwards. It is other- 
¥rise with the elbow-joint, which is turned forwards, and has its long axis directed horizontally, from the fact 
that the humerus is twisted upon itself to the extent of nearly a quarter of a turn. The elbow-joint is decidedly 
spiral in its nature, its long axis intersecting that of the shoulder- joint at nearly right angles. The humerus 
articulates at the elbow with two bones, the radius and the ulna, the former of which is pushed from the humerus, 
while the other is drawn towards it during extension ; the reverse occurring during flexion. Both bones, moreover, 
while those movements are taking place, revolve to a greater or less extent upon their own axes. The bones of 
the forearm articulate at the wrist with the carpal bones, which being spirally arranged, and placed obliquely between 
them and the metacarpal bones, transmit the motions to the latter in a curved direction. The long axis of the 
wrist-joint is, as nearly as may be, at right angles to that of the elbow-joint, and more or less parallel with that of 

* The furcula are usually united to th^ anterior jwirt of the sternum by ligament ; but in birds uf ix)werful fliglit, where the wings are 
habitually extended for gliding and sailing, as in the frigate-bird, the union is osseous in its nature. " In the frigate-bird the furcula are likewise 
anchvlosed with the coracoid bones." (" Coniji. Anat. and Phys. of Vertebrates," by Pi-of. Owen, vol. ii., j». 66.) 

* "The OS hmneri, or lx)ne of the arm, is articulated by a small rounded surface to a oorreaj)onding cavity fonned Iwitween the coracoid bone 
and the scapula, in such a manner as to allow great fi-eedom of motion." (Macgilli\Tay's ** British Birds," vol. i., p. 33.) 

** The arm is articulated to the trunk by a l>all-and-socket joint, pennitting all the freedom of motion necessary for flight.'' (" Cyc of Anat. 
and Phys ," vol. iii., p. 424.) 
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the shoulder. The metacarpal or hand-bones, and the phalanges or finger-bones, are more or less fused together, 
the better to support the great primary feathers, on the efficiency of which flight mainly depends. They are 
articulated to each other by double hinge-jointe, the long axes of which are nearly at right angles to each other. 

As a result of this disposition of the articular surfaces, the wing is shot out or extended and retracted or flexed 
in a variable plane, the bones composing the wing, particularly those of the forearm, rotating on their axes during 
either movement. 

This secondary action, or the revolving of the component bones upon their own axes, is of the greatest 
importance in the movements of the wing, as it communicates to the hand and forearm, and consequently to the 
primary and secondary feathers which they bear, the precise angles necessary for flight ; it, in fact, insures that 
the wing, and the curtain or fringe of the wing which the primary and secondary feathers form, shall be screwed 
into and down upon the air in extension, and unscrewed or vrithdrawn from it during flexion. The wing of the 
bird may therefore be compared to a huge gimlet or auger ; the axis of the gimlet representing the bones of the 
wing, the flanges or spiral thread of the gimlet the primary and secondary feathers. 

The following account (with illustrations) of the movements of the bones and joints of the wing of the bird 
was published by me in 1807.^ 




THE MOVEMENTS PECULIAR TO THE SHOULDER, ELBOW, WRIST, AND OTHER 

JOINTS IN THE WING OF THE BIRD 

§410. Shoulder-Joint. 

The head of the humerus is convex and somewhat oval (not roimd), the long axis of the oval being directed 
from above downwards, that is, from the dorsal towards the ventral aspect of the bird. The humerus can, there- 
fore, glide up and down in the facettes occurring on the articular ends of the coracoid and scapular bones with 
great facility, much in the same way that the head of the radius glides upon the distal end of the humerus. But 

the humerus has another motion ; it moves like a hinge from before back- 
wards, and the reverse. The axis of the latter movement is nearly at right 
angles to that of the former. As, however, the shoulder-joint is connected 
by long ligaments to the body, and can be drawn away from it to the 
extent of one-eighth of an inch or so, it follows that a third and twisting 
movement can be performed, the twisting admitting of rotation to the 
extent of a quarter of a turn or thereby. In raising and extending the 
Fig. 519.— Spiral eoiii^e (c) descriWd by ^jng preparatory to the downward stroke, two opposite movements are 

the head of the huinems when the >*-ing is -j i t ^ t i_i j/-ra-KTfk\ 1 ^i. 

being raised and extended. reqmred, namely, one from before backwards (Fig. 519, a), and another 

from below upwards (6). As, however, the axes of these movements are 
at nearly right angles to each other, the spiral or twisting movement is necessary to run the one into the other— 
to turn the corner, in fact (c). 

The ligaments of the shoulder- joint are cross or check ligaments, one set acting to prevent an undue eleva- 
tion and backward motion, the other an undue depression and forward motion. They also act in preventing 
undue twisting either in a backward or forward direction. The wing of the insect is geared after a similar fashion 
at the axilla. 

§ 411. Elbow- Joint. 

The long axis of the elbow-joint intersects the long axis of the shoulder- joint nearly at right angles. When 
the humerus is fixed, and the wing is extended and flexed, the proximal ends of the bones of the forearm describe 
a spiral track on the distal end of the humerus or bone of the arm. This is proved by the conformation of the elbow 
joint, and by the fact that during extension the bones of the forearm, particularly their distal extremities, describe 
a curve from above downwards, the elbow being depressed and carried forwards. 

During flexion the bones referred to describe another and opposite curve. 

The trajectories made by the elbow- joint during extension and flexion may consequently be represented by 
an ellipse or ovoid (Fig. 520). 

* ''On the Mechanical Appliances bv which Flight is attained in the Animal Kingdom." {Trans. Linn, Soc. Land.f vol. xxvi., pj». 247. 
248. 249, and 2r»0.) 
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§ 412. Wrist-joint. 

The long axis of the wrist- joint is at nearly right angles to that of the elbow, and nearly parallel with that 
of the shoulder. In extension of the wrist the metacarpal and phalangeal bones describe a curve from below 



Extension. 




Flexion. 




Flexion. 
Fia. 520. 



Kx tension. 
Fig. 521. 



upwards, the wrist being elevated and carried backwards ; whereas in flexion, they describe another and opposite 
curve. 

The trajectories made by the wrist-joint during extension and flexion may therefore be represented by an 
ovoid or ellipse (Fig. 521). 

The movements of the wrist-joint are always the reverse of those occurring at the elbow-joint. Thus, during 



Elbow and forearm. 




Wrist and hand. 



^^ 



Wrist and hand. 
Fk;. 522.— Extension of the Wing. 



Elbow and forearm. 

Fio. 523.— Flexion of the Wing. 



extension, the elbow and bones of the forearm are elevated, and describe one side of an ellipse ; while the wrist 
and bones of the hand are depressed, and describe the side of another and opposite ellipse, as shown at 
Figs. 522 and 523. 

These movements, I need scarcely observe, are reversed during flexion. 

From this it follows that when the elbow is raised and carried Ixiclcwards, the wrist is lowered and carried 
forwards, and vice versd. 

Similar remarks may be made regarding the disposition of the articular surfaces, and the movements of the 
metacarpal and phalangeal bones. 

§ 413. The Elbow-, Wrist-, and other Joints Alternate and Reciprocate. 

The alternating and opposite movements described by the elbow- and wrist-joints are occasioned by the bones 
of the elbow and wrist being spirally arranged, and from each making a quarter of a turn or so during extension, 
and the same amount during flexion. As a consequence, the wing, as has been explained, may be shot out or 



Extension (elbow). 



Line along which the wing travels during extension and Hexion 



Fig. 524. 



Flexion (wrist). 
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Flexion (elbowX 



Extension (wrist). 



extended, and withdrawn or flexed, in a nearly straight line, the modus (yperandi or principle of action being not 
inadequately represented by the component parts of an auger or gimlet — the axis of the instrument representing 
the action of the wing as a whole, the spiral flanges the movements of the component bones and of the feathers 
(Fig. 524). 



§ 414. Elevation and Depression of the Wing, how caused. 

The object of the alternating and reciprocating movements of the elbow and wrist is the elevating and 
depressing of the wing during extension and flexion ; the mere act of extension raising the pinion preparatory to 
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its making the downward stroke, the act of flexion gathering the pinion up or ofiE the air preparatory to a second 
extension. These movements are analogous in every respect to those made by corresponding parts in the bat, 
and by the arms in svrinmiing. 

§ 415. The Elbow-, Wrist-, and other Joints alwa3rs at nearly Right Angles. 

The long axis of the elbow-, wrist-, and other joints during extreme extension is always the reverse of what it 
is during extreme fleonon ; but whatever the direction of the axis of one joint, the axis of the joint next to it is 
alwajrs nearly at right angles. The joints in this manner co-ordinate and complement each other The conforma- 
tion of the elbow-, wrist-, and other joints, and the movements of the bones of the hand on the forearm, and of 
the forearm on the humerus, account for the wing of the bird and bat being twisted upon themselves, and for 
their peculiar spiral mode of action. In the insect, where the wing as a rule is not jointed (unless where attached 
to the body), the spiral twist is impressed on the pinion at first and retained. 

§ 416. Lateral Movements in the Elbow-, Wrist-, and other Joints. 

In addition to the movements described by the elbow- and wrist-joints during extension and flexion, a 
considerable degree of lateral motion is permitted. This is best seen by fixing the humerus, and then rotating 
the forearm upon it, or by fixing the forearm and rotating the hand upon that. 

If the bird be placed with its head away from the spectator, and the forearm be rotated towards him, the 
motion at the elbow will be found most extensive in an wpward and backward direction ; the reverse of this 
holding true of the wrist-joint. The same may be said of the metacarpal and phalangeal joints ; so that the bones 
of the hand twist upon the metacarpal, the metacarpal on the carpal, the carpal on the radius and ulna, and the 
radius and ulna upon the humerus. The alternating spiral arrangement is also manifest in the disposition of 
the bones of the wing — the ulna, which is the principal bone of the forearm, curving from below upuxirds, while 
the metacarpal and phalangeal bones curve from above downwards. Advantage is taken of this circumstance to 
transfer the spiral arrangement of the osseous structures to the feathers principally employed in flight, the meta- 
carpal and phalangeal bones supporting the primary feathers, the ulna the secondary ones. This coincidence in 
the arrangement of the bones of the wing and the feathers thereof is necessary, because the bones of the forearm 
and hand, as has been explained, revolve upon their axes during extension and flexion, and in so doing they rotate 
the primary and secondary feathers on and of! the air, and give them the precise angles necessary for flight. 

It is a curious circumstance that the movements described by the forearm and hand of the bird are analogous 
to those described by the serpent when creeping and the fish when swimming. 

TRACES OF DESIGN IN THE WING OF THE BIRD— THE ARRANGEMENT OF THE 

PRIMARY, SECONDARY, AND TERTIARY FEATHERS, &c. 

There are few things in nature more admirably constructed than the wing of the bird, and perhaps fione where 
design can be more readily traced. Its great strength and extreme lightness, the manner in which it closes up or 
folds during flexion, and opens out or expands during extension, as well as the manner in which the feathers are 
strung together and overlap each other in divers directions to produce at one time a solid resisting surface, and 
at another an interrupted and comparatively non-resisting one, present a degree of fitness to which the mind 
must necessarily revert with pleasure. If the feathers of the wing only are contemplated, they may be conveniently 
divided into three sets of three each (on both sides of the wing) — an upper or dorsal set, a lower or ventral set. 
and one which is intermediate. This division is intended to refer the feathers to the bones of the arm, forearm, 
and hand, but is more or less arbitrary in its nature. The lower set or tier consists of the primary, secondary, 
and tertiary feathers, strung together by fibrous structures in such a way that they move in an outward or inward 
direction, or turn upon their axes, at precisely the same instant of time — ^the middle and upper sets of feathers, 
which overlap the primary, secondary, and tertiary ones, constituting what are called the " coverts " and " sub- 
coverts." The primary or rowing feathers are the longest and strongest, the secondaries next, and the tertiaries 
third. The tertiaries, however, are occasionally longer than the secondaries. The tertiary, secondary, and 
primary feathers increase in strength from within outwards, that is, from the body towards the extremity of the 
wing, and so of the several sets of wing-coverts. This arrangement is necessary, because the strain on the feathers 
during flight increases in proportion to their distance from the trunk. 

In flexion the feathers open up and permit the air to pass between them. In extension they flap together 
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and render the wing as air-tight as that of either the insect or bat. The primary, secondary, and tertiary feathers 
have consequently a valvular action. 

It is questionable whether in the whole range of biology a better example of design could be found than is 
afforded by the vring of the bird. Its uniformly triangular shape, with the acute angle directed outwards to make 
the tip of the vring light ; its concavo-convex form, with the convex surface directed upwards to reduce friction 
and resistance during the up stroke, and its concave surface directed downwards to increase friction and resis- 
tance during the down stroke ; its carefully graduated structure, whereby it is thickest and strongest at the root 
and along its anterior margin, and thinnest at its tip and along its posterior margin ; its unequal yielding to air 
pressure during the up and down strokes which necessitate its continuous forward travel ; its wonderful mobility 
and elasticity, due to its joints and the springy nature of the materiak composing it ; its great sensitiveness, 
which enables it to feel and utilise every conceivable kind of air current ; its reciprocating action, which enables 
it to draw after it and form two sets of artificial air currents on which flight largely depends ; its muscular move- 
ments, which alternately flex and extend the wing, converting the organ into a short lever during the up stroke 
and into a long lever during the down stroke ; its beautiful universal and spiral joints, which confer on it every 
possible variety of movement — upward, downward, forward, backward, and oblique movements, movements of 
circumduction, rotation, abduction, adduction, &c. ; its exquisite figure-of-8 reversing curves which, during flight, 
literally entangle and entrap the air ; its extraordinary wealth of concavo-convex feathers — primary, secondary, 
and tertiary, all graduated and specialised — those being longest and strongest at the tip of the wing, where the 
air pressure is greatest, and shortest and feeblest at the root of the wing« where the air pressure is least ; its 
marvellous osseous modifications, whereby the hand (partly by suppression at one point, partly by undue growth 
at another, and partly by coalescence and fusion) is enormously increased in size and strengthened for the purposes 
of flight ; all combine to render the wing of the bird one of the most marvellous organs in existence.^ The wing 
is a veritable stronghold of design, alike from the structural and functional side ; and nothing short of original 
endowment and prevision of the highest order can account for its presence in the animal kingdom. Certainly no 
form of evolution or natural selection can adequately account for its extraordinary modifications and excellencies 
as the instrument of flight. 

§ 417. Flexion and Extension of the Wing of the Bird in Flight. 

The flexion and extension of the wing of the bird in flight is an absolute necessity. Means had to be found 
for evading more or less completely the superimposed air during the up stroke of the wing, and for seizing the 
nether air during the down stroke. This is done by converting the wing into a short lever during flexion and 
the up stroke, and into a long lever during extension and the down stroke. The wing in the flexed state is only 
half the length of what it is in the extended state (see Plate clxxiv., p. 1265). 

This, of itself, goes far to counteract the operation of gravitation on the wings and body of the volant animal 
when progressing in the air. The power of gravitation is further neutralised by the primary, secondary, and tertiary 
feathers being separated and opened out to let the air pass between them during flexion and the up stroke. These 
feathers present oblique knife edges to the superimposed air when the wing is being elevated. It is not, 
however, to be inferred that the wing ceases to be effective as a flying organ during the up stroke. In flexion, the 
individual feathers act separately and independently as miniature kites, and, by their combined action, convert 
the wing into a larger kite, the under concave surface of which, nmldng various angles with the horizon as it 
ascends, secures for it a considerable degree of elevating and propelling power. The power of gravitation is still 
more reduced by the wing alwajns presenting its upper convex siur^ce to the air during flexion and the up stroke, 
and its under concave surface during extension and the down stroke. 

The amount of flexion of the wing in flight varies in the several kinds of birds. It is greatest in rowing or 
flapping flight and least in soaring, sailing, or gliding flight. It occurs chiefly at the wrist-joint. The flexing 
and folding of the wing occurs not only in flight, but also when the wings are tucked up and stowed away on the 
back of the bird when not flying. The flexion of the wing, it will be seen, serves a double purpose. 

The short and long levers formed by the wing during flexion and the up stroke, and during extension and the 
down stroke, are shown in the sea-gull at A, B, C, and D of Fig. 525 ; in the snipe at Fig. 514, p. 1244 ; in the 
pheasant at Fig. 516, p. 1245 ; and in the pigeon at Plate clxxiv., p. 1265. 

* In the wing of the bird, several of the bones of the wrist and hand are sup]>re8sed ; certain of the bones of the hand being enlar^d, 
strengthened, fused, and welded together to support the long, powerful primary or rowing feathers on which flight mainly depends. In the hat, 
the first digit or thumb is suppressed and converted into a hook, whereby the animal suspends itself from projections in an inverted position when 
at rest. In the pterodactyl, an extinct flying reptile, the hallux or first flnser is suppressed, and the second, third, and fourth are aborted and 
provided with claws ; the nfth digit being enormously increased in length and strength for the purpose of supporting the flying membrane. 
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When I first discussed the flexion and extension of the wing in 1867 ^ the subject was involved in considerable 
obscurity. The following is the description given by me at that date : Considerable divenity of opinion exists 
as to whether birds do or do not flex their wings in flight. The discrepancy is owing to the great difficnlty 

experienced in analysing animal movements, particularly when, 
as in the case of the wings, they are consecutive and rapid. 
My own opinion is, that the wings are flexed during flight, but 
that all wings are not flexed to the same extent, and that 
what holds true of one wing does not necessarily hold tme o( 
another. To see the flexing of the wing properly, the observer 
should be either immediately above the bird or directly beneath 
it. If the bird be contemplated from before, behind, or from 
the side, the up and down strokes of the pinion distract the 
attention and complicate the movement to such an extent as 
to render the observation of little value. In watching rooks 
proceeding leisurely against a slight breeze, I have over and 
over again satisfied myself that the wings are flexed during 
the up stroke, the mere extension and flexion, with very little 
of a down stroke, in such instances sufficing for propulsion. I 
have also observed it in the pigeon in full flight, and likewise 
in the starling, sparrow, kingfisher, and sea-gull (Fig. 525). 

It seems to occur principally at the wrist-joint, and givts 
to the wing the peculiar quiver or tremor so apparent in 
rapid fiight, which is likewise well seen in young birds at 
feeding-time. The object to be attained is manifest. By tbe 
flexing of the wing in flight, the " remiges" or rowing feathers, 
are opened up or thrown out of position, and the air permitted 
to escape — advantage being thus taken of the peculiar action 
of the individual feathers and the higher degree of differenti- 
ation perceptible in the wing of the bird as compared with that 
of the bat and insect. 

In order to corroborate the above opinion, I extended the 
wings of several birds and fixed them in the outspread position 




Via. 525.— Lftteml and frontal vi 
liow the wiiif^ Brr Hcied and ooiiverUd in 
the up strokes, and cutcndnl nnd cnavf 
durin){ the down ntrokps. 

carpal and the metacarpal joints only being bound. I took 
care, moreover, to interfere as little as possible with the action 
of the elastic ligaments or alar membranes which, in ordinsrr 
circumstances, recover or flex the wing, the reeds being attached 
for the most part to the primary and secondary featben. 
When the wings of a pigeon were so tied up, the bird could 
rated not rise, although it made vigorous eSorts to do so. When 
dropped from the hand, it fell violently on the lawn, notwith- 
standing the strenuous exertions which it made with its pinione 
to save itself. When thrown into the air, it fluttered most 
energetically in its endeavours to reach the dovecot, which 
was close at hand. In every instance, however, it fell, more 
or less heavily, the distance attained varying with the altitude 
to which it was projected. 

Thinking that probably the novelty of the situation and 
tbe strangeness of the appliances confused tbe bird, I allowed 
it to walk about and to rest without removing the reeds. I repeated the exijeriment at intervals, but with 
no better results. Tbe same phenomena, I may remark, were witnessed in the sparrow ; so that I think there 
can be little doubt that a certain degree of flexure is indinpcnsahle to tbe flight of all birds — tbe amount var}'in^ 
according to the length and form of the pinion, and being greatest in the short, broad-winged birds, as the partridge 
■ Trnns. LinK. Sr., vol. xxri., irrni l^ftm llic I,ini..'an .ScK.>i..|y on tin- 6tli and yOlli ..f .lunt, 1867. 
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I. lAteml view, e, f, g. The wiiift Whig elevated an b 
Mliort lever and ext«iid«d towards tll8 end of tlie uii stroke to 
|>reiiarc it for making the down stroke. 

H. I<ateml view. Tlie witi); liring depressed at a long 1ev< 
(A). At the end of the dowu-stroke it wt Haddenly flexed as n 
i, j, and eonvcrtvd into ft short lever {j}, in whieh eondition 
makes the u]> ntroke. The short lever is seen at a, b ; tlie long 
one at c, <i. Tlie sliort lever made b; the win); in He ' 
unl; lialf that made by the wing in extension. 

C. Fmiital view. e,/,ff. <:',/, s", The wings being e 
as short levels and gradually extended tflwams the end of the 
uji stroke to iirejmn! them for making the down stroke. 

D. Frontal view. The wings descending in tlie extended 
state an long levers and lieing suddenly flexed at the end of 
the down stroke to ]]re]>an! tlieni for making the uji stroke. 
a, b, 4iiveH the leugtb of tlic wings ; m. n, the range of tlie 
wing niMVi'melitK during the up and down strokes ; t, I, thi' 
rotation of the wings along their anterior niargini> with c as an 
axis ; j, tliir flexing of tliu winn at the end of the down stroke 
to pre|>an' them for making the n]> stroke. The wing uidvcb 
oUtwaliU at the end of the up stroke and inwanla st the end of 
the down stroke — the tip of the wing describing an elli|u«> 
(the Author, 18d7 and 18T0). 
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and kingfisher, less in thoee whoee winga are moderately long and narrow, as the gulls and many of the oceanic 
birds, and least in the heavy-bodied, long and narrow-winged sailing or gliding birds, the best example of which 
is the albatross. Tbe degree of flexion, moreover, varies according as the bird is rising, falling, or progressing in 
a horizontal direction, it being greatest in the two former, and least in the latter. 

Tbe wing in flexion is drawn towards the body of the bird at the end of the down stroke. It is shot out or 
away from the body in extension at the end of the up stroke. The tip of the wing during these movements, and 
during the up and down strokes, describes a combined oval and elliptical trajectory in space. 

A certain amount of preparation is required before the bird can make the down stroke ; the wing must be 
shot outwards, the primary, secondary, and tertiary feathers closed, and the angles which it makes with the horizon 
arranged. Similarly, before the up stroke can be made, the wing must be drawn inwards and flexed, and the 
primary, secondary, and tertiary feathers separated and opened up, to let the superimposed air pass through 
them. One complete oscillation of the wing may be conveniently divided into four stages, all of which glide 
into each other ; namely {a) flexion of the wing prior to the up stroke ; (b) the up stroke ; (c) extension of the 
wing prior to the down stroke ; (d) the down stroke. 

My views as to the flexing and shortening of the wing during the up stroke, and the extending and elongating 




FlO. 5S6. — Diagram of synoptic views of the projectmnt made by the wing at ten Biicccssive periods of one revolution. The 
curved tinea a, b, and a', li, in Uie figure represent the points wiiere the wiu^ are folded or fleied, and where tliey are spread out or 
extended duriog flight Extract of a Memoir " On the MuveDienta of the Wing of the Bird in three Dinienaiunsof Sjiace " by Professor 
E. J. Many, {(.'ample* Rtnda$ den Sdancet de I'AeaiUiitie ilu Scietief, toni. iv., meeting of February 7, 1A87.) (Compare this figure 
with Fig. 525.) 

of the wing during the down stroke, which I described and illustrated in 1867 * and more fully in 1870,^ were 
strikingly confirmed by the aid of instantaneous photography by Professor E. J. Marey of Paris in January 1887, 
seventeen years after my observations and experiments on the subject were published. 

I had, in due course, presented copies of my 18(i7 and 1870 memoirs to Professor Marey, and I now append 
his instantaneous photographs corroborating in the fullest manner my several descriptions and delineations. 

It is true that in insects, unless perhaps in those which fold or close the wing during repose, no flexion of the 
pinion takes place in flight, but this is no argument against this mode of diminishing the wing-area during the 
up stroke, and the increasing of the wing-area during the down stroke where jointa exist ; and it is all but certain 
that when joints are present they are added to augment the power of the wing during its active state, that is, during 
flight, rather than to assist in arranging the pinion on the back or side when the wing is passive and the animal 
is reposing. The flexion of the wing is most obvious when the bird is exerting itself in rapid flight, and may be 
detected in birds which skim or glide when they are rising, or when they are vigorously flapping their wings to 
secure the impetus necessary to the gliding movement. It is less marked at the elbow-joint than at the wrist ; 
and it may be stated generally, that as the amount of flexion decreases, the twisting, flail-like movement of the 

' '' On ttie HechanicKl Appliutices by which Flight in attained in tlie Animal Kiiigdoni." {Traiu. Linn, Soc. Lend,, vol. xxvi., pp. 2fi2, 253 
and 254. Fi)!. 17.) 

* "On the Physiology of UingB." (TVaHi. Jiog. H-x. Edin., vol. xxvi., pp. S77, 378, 370, 380, 381, 382, and 383.) 
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wing at the shoulder increases, and vice versd ; the great difference between sailing birds and those which do not 
sail amounting to this, that in the sailing birds the wing is worked from the shoulder by being alternately rolled 
on and off the wind as in insects ; whereas, in birds which do not glide, the spiral movement travels along the arm, 
and manifests itself during flexion and extension in the bending of the joints and in the rotation of the bones of 
the wing on their axes. The spiral conformation of the pinions, to which allusion has been so frequently made, is 
best seen in the heavy-bodied birds, such as the turkey, capercailzie, pheasant, and partridge, and here also the 
concavo-convex form of the wing is most perceptible. In the light-bodied, ample-winged birds, the amount of 
twisting is diminished, and, as a result, the wing is more or less flattened. 

THE WING STRIKES UPWARDS AND FORWARDS DURING THE UP STROKE AND 

DOWNWARDS AND FORIVARDS DURING THE DOWN STROKE 

If the wing of a large bird, say the gannet, be detached at the shoulder- joint from the body immediately the 
bird is killed, and when all the soft tissues are flaccid and the joints supple, it is found that the wing is more or 
less self-acting. Thus, when the wing (which is naturally flexed) is caught at the root by the hand, and suddenly 
elevated as in flight, it darts upwards and forwards in a curve ; the wing extending itself towards the end of the 
up stroke to prepare it for making the down stroke. When, in like manner, the wing is suddenly depressed as 
in flight, it leaps downwards and forwards in a curve, the wing folding at the end of the down stroke. When 
the upward forward and downward forward curves are united, as happens if the upward and downward movements 
are repeated quickly, they form the waved trajectory characteristic of progressive flapping flight. The extending 
of the wing at the end of the up stroke and the partial closing of it at the end of the down stroke, as well as 
the flying forward of the wing during the up and down strokes, are quite independent of any power conferred or 
bias given by the operator. The phenomena witnessed are invariably the same. 

During the down stroke the wing of the gannet travels more than three feet forwards. This was an altogether 
unlooked for result, and wholly opposed to our preconceived notions of what the movements of the wing should be. 

Until I had performed the above simple experiment, and made similar experiments with artificial wings con- 
structed on the pattern of the living pinion, it was the universal belief that the wing acted in a strictly vertical 
direction during the up and down strokes, and that during the down stroke the wing struck either vertically down- 
wards or downwards and backvxirds. Thus Mr. Macgillivray, in his " History of British Birds," published in 1837, 
SBLys that in flexion the wing is drawn upwards, forwards, and inwards, but that during extension, when the effective 
stroke is given, it is made to strike outwards, downwards, and backtoards. The late Duke of Argyll held a similar 
opinion. In speaking of the hovering of birds, he states that, '' if a bird, by altering the axis of its own body, 
can direct its wing-stroke in some degree forwards, it will have the effect of stopping instead of promoting pro- 
gression ; '' and that, '' except for the purpose of arresting their flight, birds can never strike except diredJy down- 
wards — that is, directly against the opposing force of gravity." ^ 

Mr. Bishop says, '' In consequence of the planes of the wings being disposed either perpendicularly or cbUquebi 
backwards to the direction of their motion, a corresponding impulse is given to their centre of gravity." * Pro- 
fessor Owen, in like manner, avers that " a downward stroke would only tend to raise the bird in the air ; to carry 
it forwards, the wings require to be moved in an oblique plane, so as to strike bachvards as well as downwards." * 

The following is the account given by M. E. Liais : '' When a bird is about to depress its wing, this is a Uttle 
inclined from before backwards. When the descending movement conmiences, the wing does not descend parallel 
to itself in a direction from before backwards ; but the movement is accompanied by a rotation of several degrees 
round the anterior edge, so that the wing becomes more in front than behind, and the descending movemeni is 
transferred more and more backwards, . . . When the wing has completely descended, it is both further back and 
lower than at the commencement of the movement." * 

I was induced to perform the experiments referred to above with the natural and artificial wing from having 
observed that birds in settling upon and on leaving the water, and in rising from the ground, invariably cause their 
wings to strike downwards and forwards during the down stroke. This seemed paradoxical and contrary to the 
accepted tenets of physics, as based on action and reaction. It was universally believed that in order to get an 
upward recoil the wing must strike vertically downwards, but if an upward and forward recoil was desired the wing 
must strike downwards and backwards. This reasoning applies to an unyielding fulcrum, such as the earth, struck 
by a rigid or semi-rigid body, say the hoof of a horse. It also holds partly true of the water as a 3aelding fulcrum 

' fhMHl jroniH, Feb. 1865, p. 132. ^ 2 ..(;^(. of Aimt. and Phys.," vol. iii., p. 425. 

^ '"Coiiip. Anat. and Phys., Vertel)mt<'s," vol. ii.. p. ll.'J. 

* "On the Fliglit of Hii-ds and Inserts." {Ammh of Nat. Hint., vol. xv., 3itl senes. ]>. 156.) 
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struck by a semi-rigid lever such as the foot of a swimming bird, but it is not true of the elastic swimming and 
diving wing, and still less true of the more highly elastic aerial wing expressly adapted to act upon the highly com- 
pressible, yielding air. The wing as a lever, and the air as a fulcrum, are quite peculiar, and the ordinary formulae of 
physics are not applicable. 

When, however, I found that the natural wing, and the artificial wing constructed on the natural wing type, 
invariably gave the same results, I felt an explanation must be forthcoming. The explanation lies in the shape 
and construction of the wing, in its elasticity, in its unequal yielding during the up and down strokes, and in its 
having as its fulcrum or objective the thin, mobile, highly elastic, practically intangible air. In order to get a 
recoil from the thin, mobile, jrielding air the wing must strike it quickly and with immense force. The moment 
the wing strikes the air, say in the down stroke, it travels forwards in the direction of the head of the bird. 
This it does mainly by the yielding of the posterior margin of the wing. The descending wing in flying forwards 
elevates the bird and in so doing jmlh the body of the bird upwards and forwards. The old idea was that the 
wing pushed the body upwards and forwards. The result is the same, but the modus operandi is entirely different. 
When the bird is once launched in space, the necessity for the forward action of the wing during the up and down 
strokes becomes more manifest. The bird floating forward in space is a body in motion tending to fall in a 
downward and forward direction. A bird shot on the wing never falls vertically downwards ; its acquired 
momentum necessitates its falling downwards and forwards in a curve. It follows, that if the wings are to give 
support to the fljong bird they must be carried, as much as possible, in front of the body of the bird. This 
explains the forward action of the wing during the up and down strokes. If the wings, during the down stroke, 
were to strike downwards and bachvards, and so deprive the bird of its advance supports, it would turn a series 
of forward somersaults. The matter is, moreover, one of common sense, and may be put thus. The wings, as 
every one admits, are the organs by the aid of which the bird flies. If, however, the wings did not themselves fly 
forward, how could they by any possibility inaugurate or continue flight ? It may astonish some of my readers 
when I tell them that the tip of the wing towards the end of the down stroke is often more than two-thirds the 
length of the body in advance of the beak of the bird. 

My views regarding the forward action of the wing during the up and down strokes, published in 1867, met 
with quite a storm of opposition on the part of the phjrsicists and mathematicians at home and abroad. The 
Cambridge mathematicians were especially hostile. I was told that my phjrsics were all wrong, that they con- 
troverted the laws of Newton, Ac. This controversy raged for several years. 

About the year 1870, my friend the late Sir George Murray Humphrey, the well-known Professor of Anatomy 
in the University of Cambridge, visited me in Edinburgh, where I was then residing, and I took him to my 
laboratory and showed him my collection of natural and artificial wings. He was particularly struck with what 
he saw, and when I taught him how to elevate and depress the wings so as to elicit the forward movements, he 
became fairly excited, and exclaimed, ** Now you must come to me on a visit to Cambridge, and I will provide you 
with a distinguished and representative audience, and we will instruct and confute, if we do not convince, the non- 
believers." I did not accept Sir George's kind offer and services. I was very busy at the time, and told him that 
my observations and experiments were published, and that I feared there would be little chance of converting 
closet philosophers, who elected to talk theoretical physics, and who did not take the trouble to repeat my ex- 
periments. Moreover, I had done my work, and it was a matter of no great concern to me whether my views on 
wing movements were accepted or not. 

As the subject of flight had been treated by me from an entirely new point, I had many visitors during my 
sojourn in Edinburgh. Among them was the genial Professor Piazzi Smyth, the distinguished Astronomer Royal 
for Scotland. I put a large artificial wing (6 feet long and 15 inches wide) in his hands. I then asked him 
to elevate the wing, shut his eyes, and depress the wing with all the force at his conm[iand. I requested him to 
shut his eyes to prevent his exercising any imdue restraining influence on the movements of the wing in favour of 
possible preconceived ideas. The result was remarkable, and, as it turned out, somewhat serious for the Professor. 
The great wing descended with a downward and forward swoop, whirled the Professor round, and caused him to 
rotate quite half a circle, with the result, that he unfortunately got twisted and strained at the loins and was 
confined to bed for nearly a fortnight after the experiment. 

The forward movement of the wing during the up and down strokes is of the very essence of flight. It practi- 
cally lies at the bottom of all wing movements. 

The following is the account given of it by me in 1867 : The effective strokes in insects (and this holds true 
also of birds and bats) is delivered dovmwards and forwards, and not, as is commonly believed, vertically, or even 
slightly backwards. This arises from the curious circumstance that insects, birds, a^j^d bats, when flying, actually 
fall through the medium which elevates them, their course being indicated by the resultant of two forces, namely. 
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that of gravity pulling vertically downwards, and that of the wing acting at a given angle in an upward direction. 
In those birds, insects, and bats which flap the wings leisurely, the stroke is delivered in an almost perpendicular 
direction, the wing, by rotating on its axis from behind forwards, causing the under siurface of the pinion to act upon 
the air obliquely from above downwards and from behind forwards. The down stroke in slow-fljring creatures is 
delivered nearly at right angles to the body, which is inclined in a slightly upward direction. The upward inclina- 
tion of the body, and the comparative perpendicularity of the stroke, is necessary to counteract the tendency of 
the slow-flying animals to fall vertically downwards. In those insects, birds, and bats, however, whoBe wings are 
moved with great celerity and the speed attained is high, the down stroke is inclined very decidedly fortoards — the 
tendency of the body to fall downwards and forwards increasing as the speed of the wing and the velocity of flight 
are augmented. 

I append my original figure and description illustrating the downward and forward double-curve movement 
made by the wing of the bird during the down stroke, first published in 1867.^ 




Fig. 527. — Blur or impression produced on the eye by the rapid oscillation of the left wing of the bird. 
Seen from tlie left side. Shows how the wing rotates or twists on its long axis, and describes a spiral track, 
rt, a', dui-ing its de-scent and ascent. It also shows that the down, or effective stroke, is delivered obliquely 
downwards and forwards, and not vertically or slightly backwards, as is generally stated. During the 
return or up stroke the movement is reversed, a-, Long axis of the body, which may be regarded as running 
through the root of the wing, the body being inclined upwards as in flight ; rf, root of wing ; d, /, anterior 
or thick margin when the wing is elevated preparatory to the down stroke ; rf,/, anterior or thick margin when 
the wing is depressed, as happens at the termination of the down stroke ; a, a\ spiral track described by the 
po8tt»rior or thin margin of tne wing during its descent and ascent. A careful examination of this figure will 
show that the anterior or thick margin and tlie posterior or thin margin of the wing describe different curves, 
these curves, when the wing is in motion, crossing each other (the Author, 1867). 



Fio. 527. 



The forward movement of the wing during the down or effective stroke is particularly evident in birds when 
rising ; the wing, on such occasions, being urged with unusual vigour. The forward movement of the wing during 
the down stroke is singularly well seen in yoimg pigeons when thrown from the hand for the first time ; and I 
have noticed it in the cormorant when leaving the water ; this bird, because of its great weight, rising with con- 
siderable difficulty. It is also well seen in the sea-gull. The forward movement of the wing during its descent 
is seen to advantage in the flight of the wild goose and duck, both of which fly with immense velocity. It can 
be increased and diminished at pleasure, and assists in regulating the rapidity of flight. The wing, in slow flying 
insects, bats, and birds, supports the centre of gravity by playing, as it were, alternately above and beneath it; 
whereas in those of rapid flight, the pinion plays obliquely on either side of it. The sustaining area of the wings is 
greatly increased in birds, insects, and bats of rapid flight ; and this is owing partly to the oblique direction of the 
stroke, and partly to the fact that the quickly vibrating wing, practically speaking, occupies the entire space marked 
off by the down and up strokes, in the same way that the spokes of a wheel in rapid motion apparently fill ever}' 
part of the area contained within its rim. 

That the forward movements of the wing during the up and down strokes are real and not imaginar}- is 
proved beyond doubt by the beautiful instantaneous photographs of flying birds by Mr. E. Muybridge of Pennsyl- 
vania, America. This gentleman commenced his photographic operations in 1872, and completed them in 1882. 
By the aid of electricity he took a large number of instantaneous photographs of quadrupeds and bipeds, including 
birds, at short and regulated intervals of time. These photographs are intended to show the consecutive move- 
ments of the more common terrestrial animals as they progress on the land, and of the well-known birds as they 
fly in the air. Amongst flying birds he gives instantaneous photographs of the flight of the pigeon and cockatoo. 
Of these I append selections (see Plate clxxiv.). 

They show the following important points : — 

(a) That the wing is flexed or folded and the feathers separated and opened up dming the up stroke ; 

(6) That the wing is elevated as a short lever ; 

(c) That the wing is extended to its full dimensions and the feathers closed during the down stroke. 

(d) That the wing is depressed as a long lever ; 

^ Trans. Linn. S<k\ I^nuhn^ vol. xxvi., Plate xv., Fig. 61. 
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(e) That the wing during the down stroke (and this is important in the present connection) descends in a down- 
ward and forward direction — the tip of the wing at the end of the down stroke being, in many cases, quite two- 
thirds the length of the body in advance of the beak of the bird ; whereas at the beginning of the down stroke 
it is on a line which intersects the root of the tail. 

These photographs settle, once and for all, the much disputed forward action of the wing during the up and down 
strokes. From the instantaneous photograph there is no appeal in animal locomotion, and the axioms of physics 
and applied mathematics may safely be set aside if they clash with the results so obtained. 

At Fig. 1 of Plate clxxiv., the wing of the pigeon is raised high above the bird, fully extended, and its 
feathers closed. It is descending as a long lever in a forward direction At Fig. 2, the wing has descended somewhat, 
and advanced considerably. At Fig. 3 (end of the down stroke), it is much below the body of the bird and far 
in advance of its beak. Of this there cannot be a shadow of doubt. At Fig. 4, the wing is being flexed, and its 
feathers separated, as happens at the beginning of the up stroke. At Fig. 5, the wing is being elevated as a short 
lever. At Fig. 6, the wing is being elevated and gradually extended to prepare it for making the down stroke. At 
Fig. 7, the wing is fully extended and its feathers closed. It is now in a position to make a second down stroke. 
Fig. 8 represents the wing descending and flying forwards. 

Similar results are witnessed in the cockatoo. At Fig. 12, the wing is elevated high above the bird, fully ex- 
tended, and making the down stroke. At Fig. 11, the wing is descending in a downward and forward direction. 
At Fig. 10, the wing is being flexed and shortened preparatory to making the up stroke. At Fig. 9, the wing is 
fully flexed and the feathers separated and opened up, and presenting knife edges to the superimposed air. The 
wing is being elevated as a limp, short lever, which reduces the friction experienced by its upper surface to a minimum. 
At Fig. 15 (beginning of the down stroke), the wing is fully extended and the feathers closed to increase the bite of 
the under concave surface of the wing to a maximimi. It is descending as a long lever. At Fig. 14 (end of the 
down stroke), the tip of the wing is far in advance of the beak of the bird. At Fig. 13, the wing is flexed and 
three-fourths elevated. When it is fully elevated and extended it is in a position to deliver a second down stroke 
(Plate clxxiv.). 



PLATE CLXXIV 

Plate clxxiv. — Shows the various phases through which the wing passes during the up and down strokes in 
the flight of the pigeon and cockatoo, as revealed by instantaneous photography. Figs. 1 to 8 illustrate the wing 
movements in the flight of the pigeon, and Figs. 9 to 15, those of the cockatoo. 

Fig. 1. — The wings of the pigeon (Columha Hvin) fully elevated and extended, and about to deliver the down stroke in a down- 
ward and fancard direction as long levers. 

Fig. 2, — The wings descending and advafmiig as seen at mid stroke. 

Fig. 3. — The wings at the end of the down stroke. They have, during their descent, flown foncards, and are now in advance of 
the beak of the bird by quite two-thirds of the length of the body. This is a very striking and instructive fact. 

Fig. 4. — The wings partially flexed and shortened, and preparing to make the up stroke. 

Fig. 5. — The wings fully flexed, and making the up stroke in a forward direction as a short lever. 

Fig. 6. — The wings towards the end of the up struke partly extended to prepare them for making a second down stroke. 

Fig. 7. — The wings fully extended and elevated and about to make a second down stroke. The wings have travelled forwaiU 
during their ascent. Compare the tips of the wings in Fig. 7 with the tips of the wings in Fig. 6. 

Fig. 8. — The wings yfyingf dmrnwurds and forwards as in a second down stroke. 

Fkj. 9.— The wings of the cockatoo (Cacntua galerita) fully flexed and making the uj> stroke as a short lever. The primary and 
secondary feathers of the wing are separated, thrown out of gearing, and i)resent knife edges to the superimposed air and permit it lo 
escape and reduce friction to a minimum. 

Fig. 10. — The wings partly flexed and preparing to make the upstroke. 

Fig. 11. — The wings descending and travelling forwards. 

Fig. 12. —The wings fully elevated and extended, and about to make the downward mul forward stroke as a long lever. 

Fig. 13. —The wings ascending as a short lever. 

Fig. 14. — The wings at the end of the down stroke. They have descended in a downward and forward direction as a long 
lever, and the tij)S of the wings, as in Fig. l\ are greatly in advance of the beak of the bird. 

Fig. 15. — The wings being elevated, extended, and the primary and secondary feathers closed prior to making a second down 
stroke 
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§ 418. Reasons why the Effective Stroke should be delivered Downwards and Forwards. 

The wings of all birds, whatever their form, act by alternately presenting oblique and comparatively non-oblique 
surfaces to the air — ^the mere extension of the pinion, as has been shown, causing the primary, secondary, and 
tertiary feathers to roll down till they make an angle of 30° or so with the horizon, in order to prepare it for giving 
the effective stroke, which is delivered, with great rapidity and energy, in a downward and forward direction. I repeat, 
" downwards and forwards,"" for a careful examination of the relations of the wing in the dead bird, and a close 
observation of its action in the living one, supplemented by a large number of experiments with natural and 
artificial wings, have fully convinced me that the stroke is invariably delivered in this direction. If the wing struck 
downwards and backwards it would act at a manifest disadvantage : — 

1st. Because it would present the back or convex instead of the concave surface of the wing to the air — a convex 
surface dispersing or dissipating the air, while a concave surface gathers it together or focuses it. 

2nd. In order to strike backwards effectually, the concavity of the wing would also require to be turned back- 
wards ; and this would involve the depression of the anterior or thick margin of the pinion, and the elevation ot 
the posterior or thin one, during the down stroke, which never happens. 

3rd. The strain to which the pinion is subjected in flight would, if the wing struck backtoards, fall, not on the 
anterior or strong margin of the pinion formed by the bones and muscles, but on the posterior or weak margin 
formed by the tips of the primary, secondary, and tertiary feathers — which is not in accordance with the structure 
of the parts. 

4th. The feathers of the wing, instead of being closed, as they necessarily are, by a downward and forward 
movement, would be inevitably opened, and the integrity of the wing impaired, by a downward and backtvard 
movement. 

5th. The disposition of the articular surfaces of the wing (particularly that of the shoulder- joint) is such as 
to facilitate the downward and forward movement, while it in a great measure prevents the downward and backward 
one. 

6th and lastly. If the wing did in reality strike downwards and backwards, a result the converse of that de- 
sired would most assuredly be produced, as an oblique surface which smites the air in a downward and backward 
direction (if left to itself) tends to depress the body bearing it. This is proved by the action upon the air of free 
inclined planes, arranged in the form of a screw. 

§ 419. The Wing acts as an Elevator, Propeller, and Sustainer, both during Extension and Flexion. 

The wing, as has been explained, is recovered or drawn off the wind principally by the contraction of the 
elastic ligaments extending between the joints, so that the pinion during flexion enjoys, a certain degree of repose. 
The time occupied in recovering is not lost so long as the wing makes an angle with the horizon and the bird is 
in motion, it being a matter of indifference whether the wing acts on the air, or the air on the wing, so long as 
the body bearing the latter is under way ; and this is perhaps the chief reason why the albatross, which is a very 
heavy bird,^ can sail about for such incredible periods without apparently moving the wings at all. Captain Hutton 
thus graphically describes the sailing of this magnificent bird : " The flight of the albatross is truly majestic, as 
with outstretched, motionless wings he sails over the surface of the sea — now rising high in air, now with a bold 
sweep, and wings inclined at an angle with the horizon, descending until the tip of the lower one all but touches 
the crest of the waves as he skims over them." *^ 

§ 420. Differences to be noted between Flapping or Rowing Flight and Sailing or Swimming Flight. 

Birds of flight may be conveniently divided into four kinds : — 

Ist. Such as have heavy bodies and short wings driven at a high speed. 

2nd. Such as have light bodies and large wings driven more leisurely. 

3rd. Such as have heavy bodies and long, narrow wings with a decidedly slow movement ; and 

4th. Such as are intermediate with regard to the size of the body, the dimensions of wing, and the energy with 
which the wing is driven. 

They may be subdivided into those which float, skim, and gyrate, those which fly in a straight line, and those 
which fly irregularly. 



^ The average weight of the albatross, as given by Mr. (Jould, is 17 lbs. {Ibis, 2ud series, vol. i., 1865, p. 296.) 

* "On some of the Birds inhabiting the Soiitheni Ocean," by Capt. F. W. Hutton. {Ibis, 2nd series, vol. i., 1865, p. 282. 
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The pheasant, partridge, grouse, and quail furnish good examples of the heavy-bodied, short-winged birds. In 
these the wing is rounded and deeply concave. It is, moreover, wielded with inmiense velocity and power. 

The heron, sea-mew, lapwing, and owl supply examples of the second class, where the wing, as compared 
with the body, is very ample, and where consequently it is moved more leisurely and less energetically. The albatross 
and pelican furnish instances of the third class, embracing the heavy-bodied, long-winged birds. 

The duck, pigeon, crow, and thrush are intermediate, both as regards the size of the wing and the rapidity 
with which it is made to oscillate. 

The albatross, swallow, eagle, and hawk furnish instances of sailing or gliding birds, where the wing is ample, 
elongated, and more or less pointed, and where advantage is taken of the weight of the body and the shape of the 
pinion to utilise the air as a supporting medium. In these the pinion acts as a long lever, and is wielded with great 
precision and power, particularly at the shoulder.^ 

In the short-winged, heavy-bodied birds, which drive their wings at a high speed, the flexion and extension of 
the wings is a prominent feature of flight. These birds advance with a rapid though steady upward and downward 
beat of the wings by vigorous, rhythmic, flapping movements. They seldom skim or glide even for short distances. 
In the less heavy, ample -winged birds, where the wings are driven leisurely, the flexion and extension of the 
wings during the up and down strokes, although well marked, are sometimes dispensed with ; the birds resorting to 
sailing or skimming flight. 

In the long, narrow-winged, heavy oceanic birds, the flexion and extension of the wings and the up and down 

strokes are not required, imless when the birds are rising from 
'vJ^ the water, or when they are suddenly caught by violent 

Yl adverse winds. 

jjl It is not necessary to dilate upon flapping or rowing 

/ ! \ flight, as the up and down strokes and their connection with 

e .-^^x^^.^-rrrrr......^:!^^. .r!T.~Z\w ^ the flexion and extension of the wings have been already fully 

y^,.,^^^ ^^ ^""^ i / ''"^^^'^•^\ explained. It will suffice to state, that in flapping or rowing 

\ ; / ^''**»^ flight, flexion and extension and an upward and downward 

lU movement of the wings are a necessity, whereas in sailing or 

^2tU!^ skimming flight they are seldom resorted to. 

! ^ A careful examination of the movements in skinmiing 

u ^^^^' ?'^fi~'^*",u'?i*'"" "^^'''^ "^ ^^''* alhatioss as d.picud j^j^jg j^^g j^^ ^^ ^ concludc that by a judicious twisting or 

by the Author in 18h/. . • * -i • tl i. u j i^ 

screw-like action of the wings at the shoulder, and by an 
alternate advance and withdrawal of them in an extended state, birds of this order can not only maintain the 
motion which they secure by a few energetic flappings, but, if necessary, actually increase it, and that without 
either bending the wings or beating the air. 

The twisting or screwing forward and backward action of the pinion referred to in no way interferes, I may 
remark, with the rotation of the wing on its long axis, the pinion being carried forward and rotated down upon 
the wind, and retracted or drawn back and rotated off the wind at discretion. As the movements described enable 
the sailing bird to tilt its body from before backwards, or the reverse, and from side to side or laterally, it may be 
represented as oscillating on one of two centres, as shown in the subjoined woodcut (Fig. 528), the one corresponding 
with the long axis of the body (a, 6), the other with the long axis of the wings (c, i). Between these two extremes 
every variety of sailing and gliding motion which is possible in the mariner's compass when set upon gimbals may 
be performed ; so that a skimming or sailing bird may be said to possess perfect conunand over itself and over the 
element in which it moves. 

Captain Hutton, to whose spirited narrative I have already had occasion to allude, makes the following remark- 
able statement regarding the albatross : "I have sometimes watched narrowly one of these birds sailing and 
wheeling about in all directions for more than an hour, without seeing the slightest movement of the wings, and have 

' Jifunifiuf's ;>r;.s.v/ .s.s/v/ b}/ hniij Pi nio/ifi.— The K>n;j:, narrow wiii^ arc most cfrcctivc as ch'vators and proi>eller8, from the fact ({toiiited out !>y 
Mr. WiMihani) that at hi<;li sju'i'ds, with very oblique inci<h^n(rcs, the supporting eHVct hrironies transfeired to the /ro«/ edge of the pinion. It i> 
in this way " tliat tlie ellWrtive proiK'lling area of the two-lila(h'd screw is tantiiniount to its entire ein^le of revohition." A similar principK* wa* 
aniionneed l)y Sir (irorge Cayh'y ni>wai"ds of tifty years ago. "The stability in this position, arising from the ctmtre of gi-a\'ily l)eing Wlow tli' 
point of suspension, is ai<lrd l>y a remarkable eircumstanee that e.xj)eriment alone eould point out. In venj firufr anf//<;tt trifJi (he curon', it 
apj»eai-s that the centr*' of resistance in tlie sail does not coincid*' with the centre of its surface, ht/f is anisiihrahhj in front of it. As tlie o)>liquity 
of the current df«rcasrs. these centres approach an<l coincide, when the current be<"onu*s perpendicular to the plane ; hence any lieel of the niaeliiu'' 
backwards or forwards removes the centre of support behind or before the point of sus|K'nsion " (Xicho/snn's Journal, vol. xxv. p. 8i5). AVlu'n th*- 
speed attained by the bird is (jrcathj aarirraf^d, an<l t/ir stratiiin of air passnl arrr in innf (firm tintr enornumsJij increasfjfy the 8Uj»port affordrtl l-y 
the air to tip- inclined planes formed by the wings /."» lihtrisr aiKimcnted. This is proved by the rai)id flight of akimniing or sailing binls wlieu 
the wings aic moved at long intervals and very leisurely. The siime principle supports the skater as he rushes impetuously over ins*»cure i^-"-, 
and the thin, flat stone projected along the surface of stilf water. The velocity of the movement in either case prevents sinking by not giving thv 
sup|K>rting particles time to separate. 
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never witnessed anything to equal the ease and grace of this bird as he sweeps past, often within a few yards, every 
part of his body perfectly motionless except the head and eye, which turn slowly and seem to take notice of every- 
thing;' ' 

As an antithesis to the apparently lifeless wings of the albatross, the ceaseless activity of those of the humming- 
bird might be adduced. In those delicate and exquisitely beautiful birds, the wings, according to Mr. Gould, move 
so rapidly when the bird is poised before an object that it is impossible for the eye to follow each stroke, and a 
hazy circle of indistinctness on each side of the bird is all that is perceptible. When the humming-bird flies in a 
horizontal direction, it occasionally proceeds with such velocity as altogether to elude observation. The same is 
true of the humming-bird moth, as I myself can testify from observation. 

§ 421. The Regular and Irregular in Flight. 

The coot, diver, duck, and goose fly with great regularity in nearly a straight line and with immense speed ; 
they never skim nor glide, their wings being too small for this purpose. The woodpecker, magpie, fieldfare, and 
sparrow supply examples of what may be termed the " irregular " in flight. These, as is well known, fly in ounces 
of greater or less magnitude, by giving a few vigorous strokes and then desisting ; the effect of which is to project 
them along a series of parabolic curves. The snipe and woodcock are irregular in another respect, theur flight being 
sudden, jerky, and from side to side. 

The more common forms of flight are illustrated at Plates clxxv. and clxxvi. 



PLATE OLXXV 

Plate clxxv. — Illustrates the flight of birds, some of which flap their wings and do not sail or skim ; others 
which seldom flap their wings and which sail or skim habitually. Fig. 1 (A, B, C, D, E) represents the flight of 
the goose, pigeon, duck, owl and partridge skimming (from photographs by the Author) ; Fig. 2, a photograph 
by E. Muybridge, and Figs. 3 and 4, drawn from nature by C. Berjeau for the present work. 

Fi(i. 1. — A. Flight of the goose. Tliis bird flies by the steady flapping or rowing movement of its wings. The body ami 
wings are tilted upwards and torm a considerable angle with the horizon. They present concave kite-surfaces to the nether air 
— the wings being in a i)osition to strike downwards and forwards. Geese, when in large numbers, fly in one or more V-shaped 
columns. 

B. Pigeon flying downwards. The wings are semi-flexed and the tail spread out ; the former to facilitate the descent of the 
bird, the latter to augment its balancing jjower. 

C. A duck in the act of alighting on the water. The wings are making little short strokes in a downwai-d and fon^ard 
direction, and the feet and tail are spread out. If the wings were fully extended and making vigorous sweeping movements the bird 
would be in a position to enable it to rise from, instead of settling on, the water. 

D. The common owl hunting. This bird, in virtue of the texture of its primary, secondary, and tertiary feathers, flies 
noiselessly. Its wings and tail are widely spread out, and with the body form kite-like surfaces ; the concavity of the wings Wing 
directed downwards. It flies partly by flapping and partly by gliding movements. 

E. The red-legged partridge in rapid flight. The wings are fully extended, and presenting their deeply concave surfaces to the 
nether air. The legs are tucked up to reduce friction in the forward movement. The bird flie^ mainly by the flapping of its wings, 
but it occasionally sails for short distances. 

Fio. 2. — The flight of the vulture. This is a heavy-bodied, powerfully winged bird, which flies partlv by the flapping 
movements of its wings, and partly by sailing or skimming. In the ui)per figure, the win^ are flexed and the feathei*8 se|>arated and 
I)resenting knife-edges to the upper air as in the up stroke. In the lower figure, the wings are fully extended and the tail spread 
out as happens in sailing fli«;ht. The weight of the body is suspended from the wings, and the right wing is twisted upon 
itself in the direction of its length and converted into an elegant flexible screw. The screw configuration of the right wing 
is due to the spiial nature of the muscles, bones, and joints ot the wing, and to the yielding (under presiiure) of its tip and 
]K)sterior margin. The shape is largely, but not wholly, the result of meclianical pressure ; the bira having the power of altering and 
reversing the double-/ curves formed by the wing at j)lea!?ure. The vulture is one of the most powerful fliers Known. It can attain 
an altitude of several miles, and, when in the up[>er ether, it sails about for hours together without apparent eflfort. In this respect it 
resenildes the albatross. 

Fig. 3. — The flight of the swallow. This beautiful bird has ample pointed wings and a large, finely-forked tail. It flies chiefly 
by sailing or gliding movements ; the flai)ping or rowing movements of the wings ])eing employed as auxiliary to the gliding 
movements. The flight of the swallow and of the swift is to be regardetl as the poetry of motion, alike because of it^ rapidity, 
its sudden wheeling in dainty curves in any and every <lirection, and its perfect smoothness and exquisite gi-ace. The swallow and 
swift are e(jual to c<ipluring all kinds of insects on the wing — the dragon-fly excepted. 

Yui. 4. — The flight of the swift. This bird, as its name indicates, is, on the whole, the fleetest of the small birds. It is provided 
with long, narrow, pointed, scythe-like wings, a large forked tail, and a beautiful tiah-like boily, which enable it to sweep through 
the air with incredible velocity. Us flight is a continuation of flapping and gliding movements — the two movements blending 
in such a way and so rapidly as to make it next to impossible to separate them. To watch a swift flying, and hear it scream as it 
flies, is one of the great object-lessons of nature. It is a veritable embodiment of power and speed at their beat. 



^ -'On some of tlic Birds iuhal»iting thi' Soutliorn Ociau." {/his. 2ud scri.'s, vol. i., 1865.) 
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PLATE CLXXVI 

Plate clxxvi. — Illustrates flapping or rowing flight as seen in the diver and heron : also sailing flight as 
witnessed in the sea-gull. Figs. 1 and 2 are from photographs by the Author. Figs. 3 and 4 are drawn from nature 
by C. Berjeau for the present work. 

Fig. 1.— The conmion diver. This bird is remarkable for its small win^s and the comparatively very large size of its 
body. Its IxKly weighs 2 lbs., the same as that of the bodv of the sea-giill m Fig. 2. In comparing the wings of the diver 
with those of the sea-gull they are seen to be extremely small — so small, indeed, as to make it diflicult to understand how they 
can elevate and carry forward the heavy IxKiy to which they are attached. They are only al)out a quarter the size of the wings of a 
gull of the same weight. The explanation is to be found in the enormous speed at which they are driven. It is a case of diminutive 
wings, heavy body, excessive power, and high s|>eed, as against the very much larger wings, comparatively lighter, weaker body, and 
slow speed of the sea-gull. The diver flies by sudden, energetic, quick movements ; the wings being alternately flexed and elevated 
and extended and depressed. It cannot sail or skim, and when it alights in the water it does po with a splash. 

Fig. 2. — The large gi-ey gull. This bird is provided with very large, powerful wm^s and a comparatively light body 
which weighs 2 lbs. It flies partly by the leisurely flapping of its wings and partly by sailing, which is uccomplished by holding 
the wings m the extended position with their concave surfaces directed downwards. When the concave surfaces are so disposed, they act 
after the manner of |)arachutes, and when tilted, as they generally are in flight, to make an angle with the horizon, they act as kites 
which at once sustain and glide. 

Fig. 3. — The flight of the heron, dorsal view. This bird is furnished with unusually large win^ considering the size of 
its body. The primary, secondary, and tertiary feathers of the wings stand boldly out, especially the primaries, which are slightly 
separated towards the tips of the wings. The right wing is fully extended ; the left one appearing slightly flexed from being 
fore-shortened. The bird is armed with a large, powerful beak, and has a long neck, an elongated body, and exceptionally long legs 
for wading. The long neck and legs contribute to the perfect balance of the body in flight. The flight of the heron is peculiar, in 
that it is somewhat laboured and very slow. The wings make exactly sixty down and sixty up strokes per minute, that is, one down 
and one up stroke per second. I have had frequent opportunities of veriiying this statement in heronries and other places where I 
could make observations without being seen. The heron was the favourite quarry in the days of falconry, and it is the most 
picturesqiie bird in the British landscape. It flies with slow, almost solemn movements, in which its wings are elevated and 
depressed and flexed and extended with great regularity. 

Fig. 4. — The flight of the heron — ventral view. The account given in Fig. 3 is equally applicable to Fig. 4. It is only necessary 
to state that in the present figure the under concave surface of the wings and the Ixxly of the bird make an upwai-d angle with the 
horizon and act as inclined planes or kites during flight. The wings, being deeply concave on their under surfaces, also exert a 
parachute action. The heron is capable of very long and even very high flights ; the distances covered by it in going to and from its 
lishing gi-ounds being, in some instances, very great. 

THE WING ACTS AS A TRUE KITE BOTH DURING THE DOWN AND UP STROKES 

If, as I have endeavoured to explain, the wing, even when elevated and depressed in a strictly vertical 
direction, inevitably and invariably darts forward, it follows as a consequence that the wing, as already partly ex- 
plained, flies forward as a true kite, both during the down and up strokes, as shown at c, d, 6, /, g, A, f , j, k, I, m of 

Fig. 529 ; and that its under concave or biting surface, in 
virtue of the forward travel communicated to it by the body 
in motion, is closely applied to the air, both during its ascent 
and descent — a fact hitherto overlooked, but one of consider- 
able importance, as showing how the wing furnishes a per- 
sistent buoyancy, alike when it rises and falls. 
In Fig. 529 the greater impulse comnmnicated during the down stroke is indicated by the double dotted lines. 
The angle made by the wing with the horizon (a, 6) is constantly varying, as a comparison of c with rf, d with e, 
e with /, / with g, g with A, and h with i will show ; these letters having reference to supposed transverse section 
of the wing. This figure also shows that the cofivex or non-biting surface of the wing is always directed upwards, 
so as to avoid unnecessary resistance on the part of the air to the wing during its ascent ; whereas the concave or 
biting surface is always directed downwards, so as t^i enable the wing to contend successfully with gravity. 

§ 422. Analogy between the Wing and a Boy's Kite Points of Difference to be Noted. 

I first (linM'ted attention U) tho kito action of tho wing in 18()7 in the following terms : The wing strikes the 
air precisely as a boy's kite would if it. were jerkrd by its string, the only difference being that the kite is pulled 
forwards upon the wind by its string and the hand ; whereas in the insect, bird, and bat, the wing is jmshed for- 
mirds on the wind by the weight of the body and I ho |»ow<»r residing in the pinion itself.^ When the wing of the 

1 Since 1 gHve the a1»ove exi»luiuititm of the ik timi nl llii< wing ( /'/.wm/i/n/v ./ th, lioijol InMHutinn o/dmit Britaitv, March 1867), Mr. Red* 
St. Martin Xwm constnuted u nunlel with u view tn hnllnn Ihr elhnMv n| (hix juineiph' in artitieial tli^'ht. It consists of an ordinary kite with 
two screws situated near its u|)|K«r and central nail, lh« hum ••( uhirli are at \\^\\\ an^^Us to the plane of the kite and the plane of pi-ogression. 
The screws are mach' to revolve with their MadeH luniiMl In u downuuid dlrt'itit.n. the idea Knn>: to force the kite down upon the wind from 
behind. This result would, ht»wever, he MccnriMl hy (hf iniiUu ol (hr hiuilunr, indrpindenlly of the scivws. 
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bird descends it makes a variable angle with the body in addition to the angles which it makes with the horizon, 
so that in this direction also it acts as an inclined plane and levers the body upwards. When, moreover, it is 
being recovered or flexed preparatory to making a second down stroke, it is drawn from below upwards and from 
before backwards, the angles which are made by the curtain of the wing with the horizon during extension 
being gradually diminished, as indicated at Fig. 529. 

The natural kite formed by the wing differs from the artificial kite in this, that the former is capable of being 
moved in all its parts, and is more or less flexible and elastic, the latter being comparatively rigid. The flexibility 
and elasticity of the kite formed by the natural wing are rendered necessary by the fact that the wing is articulated 
or hinged at its root ; its different parts travelling at various degrees of speed in proportion as they are removed 
from the axis of rotation. Thus the tip of the wing travels through a much greater space in a given time than a 
portion nearer the root. If the wing were not flexible and elastic, it would be impossible to reverse it at the end 
of the up and down strokes, so as to produce a continuous vibration. The wing is also practically hinged along 
its interior margin, so that the posterior margin of the wing travels through a greater space in a given time than a 
portion nearer the anterior margin. The compound rotation of the wing is greatly facilitated by the wing being 
flexible and elastic. This causes the pinion to twist upon its long axis during its vibration, as already stated. The 
tvnsting is partly a vital, and partly a mechanical act ; that is, it is occasioned in part by the action of the muscles, 
in part by the reaction of the air, and in part by the greater momentum acquired by the tip and posterior margin 
of the wing, as compared with the root and anterior margin ; the speed acquired by the tip and posterior margin 
causing them to reverse always subsequently to the root and anterior margin, which has the effect of throwing the 
anterior and posterior margins of the wing into figure -of -8 curves. It is in this way that the posterior margin of the 
outer portion of the wing is made to incline forwards at the end of the down stroke, when the anterior margin is 
inclined backwards ; the posterior margin of the outer portion of the wing being made to incline backwards at the 
end of the up stroke, when a corresponding portion of the anterior margin is inclined forwards. 

§ 423. The Angles formed by the Wing with the Horizon during its Vibrations. 

Not the least interesting feature of the compound rotation of the wing — of the varying degrees of speed 
attained by its different parts, and of the twisting or plaiting of the posterior margin around the anterior — is the 
great variety of kite-like surfaces developed upon its dorsal and ventral aspects. Thus the tip of the wing forms 
a kite which is inclined upwards, forwards, and outwards, while the root forms a kite which is inclined upwards, 
forwards, and inwards. The angles made by the tip and outer portions of the wing with the horizon are less 
than those made by the root and inner portions. The angle of inclination peculiar to any portion of the wing 
increases as the speed of the said portion decreases, and vice versd. The wing is consequently mechanically perfect ; 
the angles made by its several parts with the horizon being accurately adjusted to the speed attained by its 
different portions during its travel to and fro. From this it follows that the air set in motion by one part of 
the wing is seized upon and utilised by another ; the inner and anterior portions of the wing supplying, as it were, 
currents for the outer and posterior portions. This results from the wing alwajrs forcing the air outwards and back- 
wards. These statements admit of direct proof, and I have frequently satisfied myself of their exactitude by 
experiments made with natural and artificial wings. 

In the bird and bat, the twisting of the wing upon its long axis is more of a vital and less of a mechanical 
act than in the insect ; the muscles which regulate the vibration of the pinion in the former (bird and bat) extending 
quite to the tip of the wing. 

The kite action of the wings in the sea-gull is well seen in Fig. 530. In this figure I have affixed two cords 
(a, 6), one to the under concave surface of each wing (c, d) in imitation of the string which keeps the boy's kite in 
position. The cords tend to pull the body of the bird (e) downwards and forwards, but the wings tend to raise it 
upwards and forwards (/, g) ; the actual line of flight being intermediate between the two. The body of the bird 
is to the wings what the string and the hand holding it are to the boy's kite. 

The peculiarities of flapping and sailing flight in the sea-gull, and the flexion, semi-flexion, and extension of the 
wings are illustrated at Figs. 531 and 532. In Fig. 531, which represents four phases (A, B, C, D) of the flight of 
the sea-gull, I show the extent to which the wings are flexed in rowing flight, the extent to which they are extended 
in sailing flight, and the double-/ curves made by the anterior and posterior margins of the wings in partial flexion : 
also the extent to which the posterior margins of the outer halves of the wings may be elevated above correspond- 
ing parts of the anterior margins during the down stroke in certain phases of flight. 

At A, where the flapping or rowing flight of the sea-gull is represented, the right wing (a, 6, c, d) is flexed at the 
wrist-joint (b) ; the outer half of the wing {d) moving outwards in extension and inwards in flexion — ^the tip of the 
wing describing an oblique oval trajectory in the air. 
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At B, C, and D of Fig. 531, the wings form graceful flexible screws. At B the wings are fully extended and 
thrown into two beautiful arches as in sailing flight. In this case, the convex surface at the root of the wing is 
directed upwards, the concave surface being directed downwards ; the anterior (a, 6) and posterior (c, d) margins 
of the wings being arranged in different planes and forming double-/ figure-of-8 curves ; the wings being twisted in 
the direction of their length screw-fashion. 

At C, the wings are partly flexed and form mobile screws — the screws being the reverse of those seen at B. 
Thus the concave surfaces of the wings at the root are directed downwards (a, c) ; the convex ones at the tips of 
the wings being directed upwards (b, d). The same thing happens in complete flexion of the wing, as shown at A 
of Fig. 532. 

At Fig. 532 (A, B, C) the double-/ curves made by the anterior (c, a, b) and posterior (rf, e, f) margins of the 
wing in flexion, semi-flexion, and extension are delineated. The curves formed by the margins in flexion (A) are 
the opposite of those formed in extension (C). The wings in flexion and extension are continually reversing their 
curves, and so produce a cross pulsation of the air in flight. 

Fig. r)30. — Shows tho kite action of the wiiigs in the flight of the sea-gull. «, />, Cords attached to the under concave 
surfaces of the wings {c, d) — these surfaces being inclined upwards (kite- fashion), and making various angles with the horizon. 
The cords, as in the boy's kite, tend to pull the wings and the body of the bird (e) downwards and forwards. Tho wings, on the 
other hand, tend to raise the body in an upward and forward direction (/, g) — ^the line of flight being the resultant of the two 
opposing forces (the Author, 1867). 

Fig. 531. — A. Shows the degree of flexion which occurs in the wings of the sea-gull in flapping or rowing flight, a, 6, Thick, 
semi-rigid, anterior margin of right wing ; r, d, thin, flexible, highly elastic posterior margin. 

B. Represents the sailing flight of the sea-gull, where the wings are fully extended and held at right angles to the body and 
on a level with it. The under surfaces of tho wings form two beautiful arches, which have a combined parachute and kite action, 
a, h. Semi-rigid anterior margin of left wing ; c, d, thin, flexible, highly elastic, posterior margin. The margins are arranged in two 
different planes, and convert the wing into a mobile helix or screw. 

C and D. The wings of the sea-gull partially flexed, as happens when the bird is flying against a light breeze. In this case also 
the wings form mobile helices or screws. They are the reverse of those seen at B. At B, the inner half of the wing has its convex 
surface directed upwards ; the outer concave surface being directed downwards. At and D, these conditions are reversed. 
a, by Semi-rigid anterior margin of left wing ; c, (/, thin, llexible, highly elastic posterior margin (tho Author, 1867). 

Fig. 532. — The wing of the sea-gull as seen in flexion, semi-extension, and extension. 

A. The wing in flexion viewed from behind. The anterior ((/, <?, /) and posterior (r, a^ b) margins of the wings are arranged 
in different planes, and convert the organ into a mobile helix or sere .v. The margins form opposite, complemental, double-/ curves, 
and present a figure-of-8 outline. The curves are the opposite of those seen in extension (D). 

B. The wing in semi-extension. In this case the curves on the posterior margin (6, c) are obliterated ; the wing being in the 
act of reversing or changing from the flexed to the extended state, rf, e, /, Anterior margin of wing ; b, r, posterior margin. 

0. The wing in the extended state. In this figure the curves made by the anterior and posterior margins are the reverse of 
those seen at A (flexion), rf, e, /, Anterior margin of wing ; c, a, 6, double-/ curve made by posterior margin of wing (the 
Author, 1867). 

§ 424. The Margins of the Wing thrown into Opposite Curves during Extension and Flexion. 

The anterior or thick margin of the wing, and the posterior or thin one, form different curves, similar in all 
respects to those made by the body of the fish in swimming. These curves may, for the sake of clearness, be divided 
into axillary and distal curves, the former occurring towards the root of the wing, the latter towards its extremity. 
The curves (axillary and distal) found on the anterior margin of the wing are always the converse of those met 
with on the posterior margin ; that is, if the convexity of the anterior axillary curve be directed downwards, that of 
the posterior axillary curve is directed upwards, and so of the anterior and posterior distal curves. The two curves 
(axillary and distal), occurring on the anterior margin of the wing, are likewise opposite and complemental, the con- 
vexity of the axillary curve being always directed downwards, when the convexity of the distal one is directed 
upwards, and vice versd. The same holds true of the axillary and distal curves occurring on the posterior margin of 
the wing. The anterior axillary and distal curves completely reverse themselves during the acts of extension and 
flexion, and so of the posterior axillary and distal curves (Fig. 532). This antagonism in the axillary and distal curves 
found on the anterior and posterior margins of the wing is referable in the bird and bat to changes induced in 
the bones of the wing in the acts of flexion and extension. In the insect it is due to spiral torsion occurring at 
the root of the wing, and to the reaction of the air. 

§ 42s The Tip of the Bird's and Bat*s Wing describes an Ellipse. 

The movements at the wrist of the wing are always the converse of those occurring at the elbow-joint. Thus 
in the bird, during extension, the elbow and bones of the forearm are elevated, and describe one side of an ellipse, 
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while the wrist and bones of the hand are depressed, and describe the side of another and opposite ellipse. These 
movements are reversed during flexion, the elbow being depressed and carried backwards, while the wrist is elevated 
and carried forwards (Fig. 533). 

Kxun.ion (elbow). Flexion (wri.tx § 426. Thc Wiflg Capable of Change of Form in all its 

<^^^— — "-^-^N*^ ^ Parts. 

y^ ^v^ i^ * 

^i^.:.. .7?S<1--- -*-:.-./ From this description it follows that when the different 

***^^^ ^^y ^v^ ^^ ^^ X^ portions of the anterior margin are elevated, corresponding 

^'ir **••————** portions of the posterior margin are depressed ; the different 

Flexion (elbow). Extension (wrist). ^ , * ^, . *^ . . ® -^ :.. ^- i i • 

, , . parts of the wmg movmg m opposite directions and playing, 

Fig. 533.— fi. &, Line along which the wiug travels duniig ^ ° ^ ^^ j .1 I- ^ 

extension and flexion. The body of the Hsh in swimming as it were, at cross purposes tor a common good ; the Object 

descries similar cnrves to those described by the wing in being to rotate or SCrew the wing down Upon the wind at a 
flying (the Author, 1867). j 11 • • 1 j • x • j x x x v • 

gradually mcreasmg angle during extension, and to rotate it in 
an opposite direction and withdraw it at a grad ally decreasing angle during flexion. It also happens that the 
axillary and distal curves are co-ordinated and bite alternately, the distal curve posteriorly seizing the air in 
extreme extension with its concave surface while the axillary curve relieves itself by presenting its convex 
surface ; the axillary curve, on the other hand, biting during flexion with its concave surface while the distal 
one relieves itself by presenting its convex one. The wing may therefore be regarded as exercising a fourfold 
function, the pinion in the bird and bat being made to move from within outwards, and from above downwards, 
in the down stroke, during extension ; and from without inwards, and from below upwards, in the up stroke, 
during flexion. 

§ 427. The Wing when made to Vibrate produces a Cross Pulsation. 

The oscillation of the wing on two separate axes — the one running parallel with the body of the bird, the other 
at right angles to it — is well worthy of attention, as showing that the wing attacks the air on which it operates 
in every direction, and at almost the same moment, namely, from within outwards, and from above downwards, 
during the down stroke ; and from without inwards, and from below upwards, during the up stroke. As a corollary 
to the foregoing, the wing may be said to agitate the air in two principal directions, namely, from within outwards 
and downwards, or the converse ; and from behind forwards, or the converse ; the agitation in question producing 
two powerful pulsations, a vertical and a horizontal. The wing when it ascends and descends produces artificial 
currents which increase its elevating and propelling power. The power of the wing is further augmented by similar 
currents developed during its extension and flexion. The movement of one part of the wing contributes to the 
movement of every other part in continuous and uninterrupted succession. As the Curves of the wing glide into 
each other when the wing is in motion, so the one pulsation merges into the other by a series of intermediate and 
lesser pulsations. 

The vertical and horizontal pulsations occasioned by the wing in action may be fitly represented by wave- 
tracks running at right angles to each other, the vertical wave-track being the more distinct. 

§ 428. Compound Rotation of the Wing. 

To work the tip and posterior margin of the wing independently and yet simultaneously, two axes are necessary, 
one axis (the short) corresponding to the root of the wing and running across it ; the second (the long) corresponding 
to the anterior margin of the wing, and running in the direction of its length. The long and short axes render the 
movements of the wing eccentric in character. In the wing of the bird the movements of the primary or rowing 
feathers are also eccentric, the shaft of each feather being placed nearer the anterior than the posterior margin ; an 
arrangement which enables the feathers to open up and separate during flexion and the up stroke, and approximate 
and close during extension and the down one. 

These points are illustrated at Fig. 513, p. 124*^, where n, h represents the short axis (root of wing) with a 
radius e, / ; c, rf representing the long axis (anterior margin of wing) with a radius g, p. 

Fig. 513 also shows that, in the wing of the bird, the individual primary and secondary feathers have 
each what is equivalent to a long and a short axis. Thus the primary and secondary feathers, marked 
A, t, j, k, I, are capable of rotating on their long axes (r, s), and upon their short axes (w, n). The feathers rotate 
upon their long axes in a direction from below upwards during the down stroke, to make the wing impervious to 
air ; and from above downwards during the up stroke, to enable the air to pass between the feathers. The primary 
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and secondary feathers have thus a distinctly valvular action.^ The feathers rotate upon their short axes 
(m, n) during the descent and ascent of the wing, the tip of the feathers rising slightly during the descent of the 
pinion, and falling during its ascent. The same movement virtually takes place in the posterior margin of the wing 
of the insect and bat. 

§ 429. The Wing Oscillates unequally with Reference to a Given Line. 

The wing, during its vibration, descends further below the body than it rises above it. This is necessary for 
elevating purposes. In like manner, the posterior margin of the wing (whatever the position of the organ) descends 
further below the anterior margin than it ascends above it. This is requisite for elevating and propelling purposes ; 
the under concave surface of the wing being always presented at a certain upward angle to the horizon, and acting 
as a true kite. If the wing oscillated equally above and beneath the body, and if the posterior margin of the wing 
was made to vibrate equally above and below the line formed by the anterior margin, much ot its elevating and 
propelling power would be sacrificed. The tail of the fish oscillates on either side of a given line, but it is other- 
wise with the wing of a flying animal. The fish is of nearly the same specific gravity as the water, so that the tail 
may be said only to propel. The flying animal, on the other hand, is very much heavier than the air, so that the 
wing requires both to propel and elevate. The wing, to be efEective as an elevating organ, must consequently be 
made to vibrate rather below than above the shoulder- joint ; at all events, the intensity of the vibration should 
occur rather below that point. In making this statement, it is necessary to bear in mind that the centre of gravity 
in birds is suspended and ever varying, the body rising and falling in a series of curves as the wings ascend and 
descend. 

To elevate and propel, the posterior margin of the wing must rotate round the anterior one ; the posterior margin 
being, as a rule, always on a lower level than the anterior one. By the oblique and more vigorous play of the 
wings under rather than above the body, each wing expends its entire energy in pushing the body upwards and for- 
tvards. It is necessary that the wings descend further than they ascend ; that the wings be convex on their upper 
surfaces, and concave on their under ones ; and that the concave or biting surfaces be brought more violently in 
contact with the air during the down stroke than the convex ones during the up stroke. The greater range of the wing 
below than above the body, and of the posterior margin below than above a given line, may be readily made out by 
watching the flight of the larger birds, but it is also well seen in the upward flight of the lark. In the hovering of 
the kestrel over its quarry, and the hovering of the gull over garbage which it is about to pick up, the wings play 
above and on a level with the body rather than below it ; but these are exceptional movements for special purposes, 
and as they are only continued for a few seconds at a time, they do not affect the accuracy of the general statement. 

§ 430. The Flight of the Sea-Gull as witnessed on the West Coast of Scotland. 

In my many autumn yachting and steamboat excursions in the Firth of Clyde, I enjoyed the most favourable 
opportunities of exhaustively studying the flight of the sea-gull and many other aquatic birds. The sea-gulls were 
my special study for several years, and Figs. 530, 531, and 532 are the outcome of a large number of observations. 
These figures I drew and described on board ship from the living birds, frequently seen at very short distances. 
When the birds were not in the vicinity of the vessel I happened to be in, I employed powerful field-glasses and 
with very satisfactory results. The deck of one of the beautiful swift Clyde steamers affords unusual facilities for 
such investigations. The birds are habitually fed from all the Clyde steamers, and are wonderfully tame. As 
a consequence they fly right overhead, on the surface of the water, in front of, behind, and on either side of the 
vessels ; in many cases, not more than six or eight yards from the spectator. They also swoop down to pick up 
garbage and other food, settle on the water for short intervals, and again take wing and make up leeway. They 
are seen flying towards and away from the vessel and circling about it in all directions. There is no possible 
position the birds do not assume under the circumstances, and the feats of wingmanship they display are simply 
marvellous. 

I transcribe some of my notes on the flight of the sea-gull taken on various occasions under the conditions 
described above. The following are a few of the points made out : — 

1. The wings have a kite action. 

2. In flapping or rowing flight, the wings make extensive excursions above and below the bird ; the wings being 
fully extended at the beginning of the down stroke, and fully flexed at the beginning of the up stroke. 

3. Flexion is effected chiefly at the wrist-joint, and is most evident when the bird is settling upon or leaving the 
water. In this case, the wing strikes very decidedly downwards and forwards during the down stroke. 

* Tlie degree of valvular action varies according to circumstances. 
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4. When the bird is flying leisurely against a light breeze, the degree of flexion and the extent of the down and 
up strokes are reduced by about a half. Under these circumstances the wrist movement of the wing is very per- 
ceptible. The wing appears to be divided into two portions, the inner portion being held at right angles to the 
body in a fixed position — the outer portion, bearing the primary feathers, performing a winnowing, fanning move- 
ment, characterised by short strokes, partial flexion and extension, and by the tip of the wing describing an oblique 
oval trajectory in space. 

5. The inner half of the wing in leisurely flight acts as a sustainer or parachute ; the outer half acting as an 
elevator and propeller. 

6. When a stiflSsh breeze is blowing and the bird is flying against it, the area of the wing is, as a rule, consider- 
ably diminished. In this case, the upper convex surface of the outer half of the wing is directed upwards, this 
portion of the wing being ever and anon everted. The eversion is due partly to wind pressure, and partly to a 
voluntary movement of the several parts of the wing at the wrist ; the bird regulating the amount of eversion and 
movement generally with the greatest precision and skill. 

7. The wing, and the primary, secondary, and tertiary feathers of the wing, are visibly under control ; the two 
together forming a mobile, elastic, reciprocating screw, the flanges, curves, and angles of which are constantly changing. 

8. The wing in flapping or rowing flight is more or less lax, and is wielded loosely but designedly, and of set 
purpose, to achieve certain results. Its movements are never haphazard or casual. On the contrary, they are 
severely under control ; each joint and rowing feather being dominated by the nerves of the wing and the will of 
the bird. This becomes more and more apparent according as the observations are repeated and become more 
exact. 

9. The wings in sailing or skimming flight are fully extended, and form two beautiful arches — one on either side 
of the bird. In this case the wings are stiffened and are held at right angles to the long axis of the body, and on 
a level with it. They form semi-rigid screws ; the inner halves and convex surfaces of the wings being directed 
upwards and forwards, the outer and concave surfaces being directed downwards and backwards. The anterior 
and posterior margins and curves of the wings are arranged in different planes, and confer on them a distinctly screw 
configuration. 

10. In sailing flight, the breeze, or air in motion, does the chief part of the work ; the bird having only to 
regulate the position of the wings and the angles made by them with the horizon. This it does principally from the 
shoulder-joints — the other joints being more or less fixed. In sailing flight the concave or under surfaces of the 
wings act as true kites — the bird utilising its weight and arranging all the details. Sailing flight is no more haphazard 
than flapping flight. Both are regulated and supervised in a way not even remotely recognised by the ordinary 
observer. 

1 1 . In the movements of flexion and extension the anterior and posterior margins of the wing are thrown into 
graceful, complementary, double-/ curves ; these curves being continually reversed, and giving rise to a cross pulsa- 
tion of the air in flight. In flexion, the curves are the opposite of those which obtain in extension. 

§ 431. Analysis of the Movements of Extension and Flexion in the Wing of the Gannet 

The changes which the wing imdergoes in extension and flexion are seen to great advantage in the gannet 
(Plate clxxii.. Fig. 1, p. 1241). 

The pinion of this bird is remarkable for its great length and strength, as compared with its breadth, and for 
the general elegance of its shape. It is especially interesting from the fact that the wing movements can be more 
readily and satisfactorily analysed by its aid than by that of any other British wing with which I am acquainted. 
The following accoimt, taken from a perfectly fresh specimen, may prove interesting. 

The joints of the gannet's wing, particularly the shoulder-joint, admit of very free movements. When the 
wing is slightly flexed the imder surface of the posterior margin of the pinion can be rotated downwards and for- 
wards until it makes a right angle with the horizon — the greatest angle which it makes in extension amounting to 
something like 45°. In flexion, the elbow, wrist, and metacarpal joints admit of a great variety of movement, the 
forearm moving on the arm, and the hand upon the forearm in an oblique spiral direction from above downwards 
and from below upwards. In flexion the whole pinion is flaccid, and the primary, secondary, and tertiary feathers 
separated and thrown out of position. The forearm is folded upon the arm in nearly the same plane ; the secondan* 
and tertiary feathers being inclined slightly upwards and forwards, so that they form an inclined surface with the 
horizon. 

The hand rotates upon the wrist as ujxjn a spiral hin^e, the tip of the wing, as it darts out and in, describing 
the segment of a circle. The hand is folded upon the forearm in such a manner that the anterior margin of the 
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tip of the wing ascends, while the posterior margin descends. The hand and tip of the wing during flexion form 
an inclined surface with the horizon — ^the surface being directed outwards and upwards. The tip of the wing in 
flexion acts as a true kite from hebw upwards and from within outwards} The flexed wing of the gannet displays 
four different inclined surfaces, two directed upwards and outwards, and two directed upwards and mwards. These 
surfaces when the wing is moving are ever varying, and cause the different portions of the pinion to act like so 
many kites. Thus, during extension, two portions of the wing fly outwards and upwards ; two other portions flying 
upwards and inwards during flexion. As the two portions of the wing which act during extension draw a current 
of air after them, on which the other two portions operate during flexion, it follows that one part of the wing, what- 
ever its position, makes an air current on which another portion inevitably acts. The wing, I may add, produces 
an artificial air current during the up stroke on which it operates during the down stroke and mce versd. When the 
gannet's wing is extended and flexed by the aid of the hand, it shows the screwing and unscrewing action of the 
pinion to perfection ; the dorsal and ventral surfaces of the wing oscillating on either side of a given line — ^the 
dorsal surface appearing above the line in flexion and the ventral surface under the line in extension. 



§ 432. The Angles of Inclination which the Under Surfaces of the Gannet^s Wing make with the 
Horizon in Extension and Flexion vary. 

When the wing of the gannet is extended the angle which its under surface makes with the horizon, especially 
the portion opposite the elbow- joint, is much greater than one would anticipate — indeed, it is little short of 45°. The 
tip of the wing does not, however, make an angle of more than 25° or 30°. This is a most interesting point, as it 
shows that the different portions of the wing in extension make different angles with the horizon — that made by 
the tip of the wing being the least, and that made by the root of the wing the greatest. The inclined surfaces are 
no doubt adapted to suit the speed attained by the several parts of the wing, and to produce a uniform result as 
far as buoyancy is concerned. Thus the wing acts with a gradually decreasing angle from the root towards the tip — 
the speed of the wing increasing in the direction of its extremity. The wing acts on strictly mechanical principles ; 
a small angle travelling at a high speed supplying the same amount of buoying power as a greater angle moving 
at a lower speed. Indeed, on making a careful examination of the gannet's wing, I have had no difficulty in deter- 
mining that the different parts of the wing not only make various angles of inclination with the horizon in an antero- 
posterior direction at every stage of extension and flexion during the down and up strokes, but that they also make 
various angles of inclination with the horizon in a direction from within outwards. In other words, I find that in 
extension and flexion the wing attacks the air from behind forwards and from within outwards at one and the same 
instant — the different parts of the pinion tacking upon the air kite fashion, in several directions at the same time. 
The wing attacks the air (at various angles of inclination) from within outwards, and from behind forwards, and from 
without inwards and from before backwards. The various angles of inclination made by the wing with the horizon 
from within outwards and the reverse, and from behind forwards and the reverse, are all necessary to produce a 
perfect buoyancy. 

When the wing of the gannet is fully extended it is also rendered more or less rigid. The joints, however, even 
the metacarpal ones, are free to move, which shows that the wing, to be effective during the down stroke, must be 
thoroughly imder the control of the muscles and elastic ligaments. This is all the more necessary, as the roots of the 
primary and secondary feathers are inclined to move in an upward direction as the wing descends, and require to 
be restrained. 

After carefully analysing the movements of the gannet's wing in the dead bird, I felt the necessity of studying 
the same movements in the living one. I therefore made an excursion to the Bass Rock (Firth of Forth, Scotland) 
for this purpose, in July 1870. It was breeding season, and the birds were in myriads, and so tame that they 
wheeled around and above me at distances, in some cases, not exceeding six to eight yards. The gannets which 
were hatching permitted me to approach within a yard of them, and required to be driven from their nests by the 
aid of a stick. I had, therefore, every facility for analysing the flight of this the most cherished and beautiful of 
the British birds. Before proceeding to describe the results of the expedition in question I may state, briefly, the 
measurement, weight, &c., of the gannet, the movements of the wings of which I have just recorded. For the sake 
of comparison I will also give the weight and measurements of a heron — this bird differing widely from the gannet 
in the configuration of its wings (Plate clxxii., Fig. 3, p. 1241). 

^ Tho same hapiiens in the win^ of all binls, and in the wing of the insect and bat. The outward and upward inclination of the tip of the 
wing is well seen in the l>eetU>. This (lortion of the wing acts as a true kite, when the wing is being extended or thrust away from the body 
towards the termination of the up stroke. The under surface of the tip of the wing consequently contributes to flight during the up stroke 
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MEASUREMENTS, WEIGHTS, &c., OF GANNET AND HERON 

The following details of weight, measuFement, &c., of the gannet were obtained from an adult specimen which 

1 dissected during the winter of 1869. Entire weight, 7 lbs. (minus 3 ounces) ; length of body from tip of bill to 
tip of tail, 3 feet 4 inches ; head and neck, 1 foot 3 inches ; tail, 12 inches ; trunk, 13 inches ; girth of trunk, 18 
inches ; expanse of wing from tip to tip across the body, 6 feet ; widest portion of wing across the primary featheis, 
6 inches ; across the secondaries, 7 inches ; across the tertiaries, 8 inches. The heron, a specimen of which I dis- 
sected at the same time, gave a very different result, as the subjoined particulars will show. 

Weight of body, 3 lbs. 3 ounces ; length of body from tip of bill to tip of tail, 3 feet 4 inches ; head and neck, 

2 feet ; tail, 7 inches ; trunk, 9 inches ; girth of body, 12 inches ; expanse of wing from tip to tip across the 
body, 5 feet 9 inches ; widest portion of wing across primary and tertiary feathers, 11 inches ; across secondary 
feathers, 12 inches. 

The gannet has, consequently, less than half of the wing area of the heron. The gannet's wing ia, however, 
a long, narrow wing (that of the heron is broad), extended transversely across the body in the direction of its length ; 
and this is found to be the most powerful form of wing — ^the wings of the albatross, which measure 14 feet from 
tip to tip (and only 1 foot across), elevating 18 lbs. without difficulty. If the wing of the gannet has a small 
superficial area as compared with the wing of the heron, it follows that the gannet's wing must be driven at a much 
greater speed ; and this is actually what happens. The heron's wing, as I have stated elsewhere, makes 60 down 
and 60 up strokes every minute ; whereas the wing of the gannet, when the bird is flying in a straight line to or 
from its fishing ground, makes close upon 150 up and 150 down strokes during the same period. The wings of the 
divers and other short-winged, heavy-bodied birds are urged at a much higher speed, so that a comparatively small 
wing can be made to elevate a comparatively heavy body, if the speed with which the wing is driven only be in- 
creased sufficiently.^ Flight, therefore, is a question of power, speed, and small surfaces versus weight. While 
there is apparently no fixed relation between the area of the wing and the animal to be raised, there ia (unless in 
the case of sailing birds, which have acquired momentum) an unvarying relation as to the weight to be elevated and 
the number of oscillations ; so that the problem of flight would seem to resolve itself into one of weight, power, 
velocity, and small surfaces, as against comparative levity, debility, diminished speed, and extensive surfaces.' 
Elaborate measurements of wing area and minute calculations of speed can, consequently, only determine the 
minimum of wing for elevating the maximum of weight — flight being attainable within a wide range. This is proved 
by the fact that as much as four-sixths may in some instances be removed from the wing area without destroying 
flight. In such cases the speed with which the wings are driven is increased in the direct ratio of the mutilation. 
That the superficies of the wings destined to carry a certain weight may, and does vary, is proved by the fact that 
large portions of the wings of insects and birds, as I have pointed out,* may be removed without destroying or even 
impairing the function of flight. It is further proved by the ingenious researches of M. de Lucy, who has shown, 
by careful measurements, that the area of the wings decreases as the size and weight of the body increase. 

§ 433- Flight of Gannet as Witnessed at the Bass Rock, Firth of Forth, Scotland. 

The wings and body of the gannet, as I fully satisfied myself from actual observation, can be moved in all their 
parts. The wings and body are, moreover, thoroughly under control. The body can be twisted about in a remark- 
able manner ; in an upward and downward direction and sideways. The individual primary, secondary, and 
tertiary feathers of the wing are likewise under control. In fact, the muscular movements can be seen extending 
along the pinion to the roots of the rowing feathers, the muscular influence spreading thence to the tips of the wings. 
This could readily be ascertained, as the birds wheeled round and round right overhead, and within a very few yards 
of where I was standing. 

When the gannet throws itself from a cliflf, it makes a large curve, the convexity of which is directed downwards. 
It acquires speed and momentum by a few gentle flappings of the wings, or it holds the wings comparatively 
motionless, and sails for a great distance without effort — the weight of the tnmk doing the principal portion of the 
work. In the sailing movement the body is forced into an upward or downward curve, according to circumstances. 

When the bird has acquired momentum, either by flapping its wings or by projecting itself from a cliff, it has 
the air perfectly under control. If it wishes to turn to the right it elevates the left wing and depresses the right 
one, the head and neck bending in the direction of the curve to be described. If it would turn to the left the 

* The greWs among hiids and the l)eetle8 aniung iiiHocts furnisli exatnjjles where small wings, made to vihrate at high speeds, an» cajiahle of 
elevating great weight.s. 

* "On the Mechanical Appliances hy which Flight is attained in the Animal Kingd«»m.'' hv the Author. (Trans, Linn, Soc., vol. iwi, 
p. 219.) 

» Ibid., pp. 219, 220, 221, 222. 
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movements are reversed.^ If it desires to ascend, the head, neck, body, and wings are elevated in an upward 
direction, so as to increase the angle made by them with the horizon, the angle referred to being decreased or 
reversed when the bird wishes to descend. If the bird aims at horizontal flight, the head, neck, body, and wings are 
arranged so as to be nearly parallel with the surface of the sea. The gannet wheels and skims about with all imagin- 
able ease and grace — now oscillating on the long axis of the body as a centre, and now upon the long axes of the 
wings as a centre. In all these movements the head, neck, tail, and body perform an important part. 

When the gannet launches itself from a rock it rises to nearly the same level as that from which it precipitated 
itself, without any apparent effort, thus showing that the friction experienced in flight must he almost nil. 

The neck, body, and tail of the gannet are exceedingly flexible, and admit of being curved in any direction. 
The feet are extended straight out behind the bird, and appear on the under surface of the tail. The body forms 
an elongated and very graceful ellipse, admirably adapted for cleaving the air and eluding resistance. 

When the gannet propels itself by the more or less vertical flappings of its wings, the angles which the under 
surfaces of the wings and body make with the horizon are very considerable — something like 25° or 30*^. Of this 
I convinced myself in a variety of ways.^ When the bird has acquired speed and momentum, and begins to sail, 
the angle made by the under surfaces of the body and wings is reduced according to circumstances, and in some 
instances altogether obliterated, the bird gliding along for long distances with its body and wings apparently parallel 
to the surface of the ocean. 

The wings of the gannet, when fully extended, are curved alternately forwards and backwards. Thus, the arm 
and hand are inclined backwards, and the forearm forwards. When the wings are flexed in ordinary flight the 
movement occurs princijmlly at the wrist-joint ; the arm and forearm bending comparatively little, and ailording 
a wide basis of support both during the down and up strokes. In forced flight in flexion, the wing bends perceptibly 
at the elbow as well as the wrist, the wing during the up stroke forming a short lever, and being thrown into a fine 
arch, the convexity of which is directed upwards. The tip of the wing works out and in during the down and up 
strokes ; and a close examination satisfied me that the bird has the power of forcing the posterior margin of its 
wings into wave, curves while the wings are rising and falling quite iiydependevUly of the air. 

The down stroke is delivered with perceptibly greater rapidity and energy than the up stroke. Of this there 
can be no doubt whatever. This allows the air, set in motion by the wing during its descent, time to react on the 
under surface of the pinion so as to contribute to its elevation. This result is facilitated by the wing striking very 
decidedly doumwards and forwards. 

When the gannet alights at its nest it delivers a few very energetic strokes at right angles to the direction of 
its flight, and thus slows itself. 

When the gannet plunges into the sea from a height it causes its body to assume a more or less vertical position, 
and descends with such impetuosity as to displace the water in an upward direction, imtil it attains an altitude of 
from 10 to 15 feet. It flies beneath the water with remarkable rapidity, and emerges without difficulty ; the 
momentum acquired during the descent assisting it through and out of the water. In fact the gannet, when it 
swoops down to pick up a fish, simply describes a continuous downward curve in the water. Those movements, 
so numerous, varied, and beautiful, are all the result of volition. It is impossible to resist this conclusion after 
deliberate and careful watching.^ 

§ 434, A Regulating Power Necessary in Flight. 

That the wing is propelled for the most part by voluntary movements, may be ascertained in the following 
manner. 

If the sentient nerve of a pigeon's wing be divided (the motor nerve being left intact) the bird flutters most 
energetically, but altogether fails to fly.* In this experiment neither the flexibility, elasticity, nor the power which 
the wing possesses of moving in all its parts, are tampered with. The guiding or controlling power alone is 
impaired. 

That the wing is made to vibrate intelligently admits of direct proof. Thus, if we hold a captured bird in 
the hand, we feel that it directs and controls the action of its wings in such a manner that a tractile force is pro- 

* The swallow and swift, whi(;h dart along at a very high siieed, tilt their Ixxiies in turning ; but, in addition, flap their wings and fly round 
the curve they wish to descrilje. 

* In the dragon-fly, the anterior i>air of wings make a smaller angle with the horizon than the iKwterior pair. The first j»air of wings are, 
consequently, more actively engaged as proi^'llers — the second pair jis elevatoi-a. 

' While studying the mechanism and movements of the gannet's wings, 1 had the good fortune to be presented with two fine living ^nnets 
caught in the nets of the fishermen at St. Andrews. These enabled me to study exhaustively the various movements referi-ed to in the linng and 
dead birds. 

* "ExiMjriments practically Demonstrating the l^ws by which Bii-ds fly," by Dr. W. Smyth. Second Annual Report of the Aeronautical 
Society of Great Britain for 1867. 

VOL. III. 2 D 
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duced, now in one direction now in another, in its efforts to escape ; nay more, that the force after a brief fluttering 
is concentrated at that point where it is most loosely held, and which offers the greatest chance of escape. 

The wings of birds, as any one may readily ascertain by watching the flight of rooks, are visibly under control 
both during the down and up strokes. They are, moreover, deliberate leisurely movements. By leisurely move- 
ments, I mean such as are the result of design, and not such as would result from the sudden recoil of a merely 
elastic apparatus. Those who have watched, as I have frequently done, the rapid vibrations of natural and artificial 
wings, will readily understand the difference here indicated. In the living wing we have a smooth, soft, fanning, 
continuous movement, quite devoid of dead points ; whereas in artificial elastic wings, especially if worked vertically 
and without elastic bands at their roots, we have a wavering, jerking, irregular motion, particularly at the beginning 
of the up stroke. 

The blow-fly can fly with only one-third of its original wing area, the two-thirds which represented the major 
part of the elastic portions of the wing being removed. In this case the wing is wielded intelligently figure-of-8 
fashion, the mutilation not interfering either with the freedom of motion enjoyed by the pinion at its root, or the 
power the insect possesses of directing and controlling the wing throughout its entire vibration. 

There are therefore at least five separate items to be considered in flight, namely, intelligence and voluntary 
movements ; secondly, the power which the wing possesses of moving in its several parts ; thirdly, the flexibility 
and elasticity of the wing ; fourthly, the resistance and resiliency of the air upon which the wing operates ; fifthly, 
the weight of the body of the flying animal, which may be regarded as an independent moving power. 

§ 43S The Wing at all Times thoroughly under Control. 

The wing is movable in all parts, and can be wielded intelligently even to its extremity ; a circumstance which 
enables the insect, bird, and bat to rise upon the air and tread it as a master — to subjugate it, in fact. The wing, 
no doubt, abstracts an upward and onward recoil from the air, but in doing this it exercises a selective and con- 
trolling power ; it seizes one current, evades another, and creates a third ; it feels and paws the air as a quadruped 
would feel and paw a treacherous yielding surface. It is not difficult to comprehend why this should be so. If 
the flying creature be living, endowed with volition, and capable of directing its own course, it is surely more reason- 
able to suppose that it transmits to its travelling surfaces the peculiar movements necessary to progression, than that 
those movements should be the result of impact from fortuitous currents which it has no means of regulating. That 
the bird, for example, requires to control the wing, and that the wing requires to be in a condition to obey the 
behests of the will of the bird, is pretty evident from the fact that most of our domestic fowls can fly for considerable 
distances when they are young and when their wings are flexible ; whereas when they are old and the wings stiff, 
they either do not fly at all or only for short distances, and with great difficulty. This is particularly the case with 
tame swans. This remark also holds true of the steamer or race-horse duck (Anas hrachyptera), the younger 
specimens of which only are volant. In older birds the wings become too rigid and the bodies too heavy for flight. 
Who that has watched a sea-mew struggling bravely with the storm, could doubt for an instant that the wings 
and feathers of the wings are under control ? The whole bird is an embodiment of animation and power. The 
intelligent, active eye, the easy, graceful oscillation of the head and neck, the folding or partial folding of one or 
both wings — nay more, the slight tremor or quiver of the individual feathers of parts of the wings, so rapid that only 
an experienced eye can detect it — all confirm the belief that the living wing has not only the power of directing, con- 
trolling, and utilising natural currents, but of creating and utilising artificial ones. But for this power, what would 
enable the bird and bat to rise and fly in a calm, or steer their course in a gale ? It is erroneous to suppose that 
anything is left to chance where living organisms are concerned, or that animals endowed with volition and travelling 
surfaces should be denied the privilege of controlling the movements of those surfaces quite independently of the 
medium on which they are destined to operate. I will never forget the gratification afforded me on one occasion at 
Carlow (Ireland) by the flight of a pair of magnificent swans. The birds flew towards and past me, my attention 
having been roused by a peculiarly loud whistling noise made by their wings. They flew about fifteen yards from 
the ground, and as their pinions were urged not much faster than those of the heron, I had abundant leisure for 
studying their movements.^ The sight was very imposing, and as novel as it was grand. I had seen nothing before, 

* 1 have friMiueiitly timed the l^Nits of tlie wiu^ of tin* coiiiinoii ht'ion (Ariim rinerea) in a heronry at Warren Point. In March 1869, I wa> 
placed under unusually favounihle einninistanns for ohtainin^ trustworthy results. 1 timed one bird hi<;h up over a lake in the vicinity of tli«' 
lieronry for fifty se<-o!nl8, and found that in that |KMio<l it made fifty down and fifty up strokes ; that is, one down and up stroke j)er second. I 
tiinecl anotlier one in the heronry itself. It was snowing at thr time (March \H{\\i), hut the hiixls, notwithstanding the inclemency of the weather 
an<l the mrly time of tlie year, were actively engaged in liatching, and i(<iuired to he driven fi-om their nests on the top of the larch trees hv knoi'k- 
ing against the trunks thereof with large sticks. One unusually anxious mother refusc<l to leave the immediate neighbourhood of the tree containing: 
lier tendf-r charge, and cinled round and round it rigid overhead. I time<l this bird for ten seconds, and found that she made ten down aud tfii 
up strokes ; that is, one down and one up strok*- jwi second |ir«<i.s»']y as brfore. I have therefon* no hesitation in alhrming that the heron, iu 
onlinarv flight, makes exartly sixty <lown and sixty uj» strok«'s jwr minute. The liiroii, however, like all other biixis when pursued or agitatt^i 
has the powiM- of gn-atly augmenting the numlHT of beats made liy it> wings. 
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and certainly have seen nothing since, that could convey a more elevated conception of the prowess and guiding 
power which birds may exert. What particularly struck me was the perfect command they seemed to have over 
themselves and the medium they navigated. They had their wings and bodies visibly under control, and the air 
was attacked in a manner and with an energy which left little doubt in my mind that it played quite a subordinate 
part in the great problem before me. The necks of the birds were stretched out, and their bodies to a great extent 
rigid. They advanced with a steady, stately motion, and swept past with a vigour and force which greatly im- 
pressed, and to a certain extent overawed, me. Their flight was what one could imagine that of a flying machine 
constructed in accordance with natural laws would be.^ 



ANALYSIS OF THE DOWN AND UP STROKES OF THE WING OF THE BIRD 

IN FLAPPING OR ROWING FLIGHT 

As considerable confusion exists in the minds of most investigators as to the precise changes made by the 
wing during the dovm and up strokes respectively, and, in especial, as to the manner in which the wing is elevated, 
so as to avoid the resistance of the air and yet afford support, I have felt it incumbent upon me carefully to analyse 
the movements as observed in progressive flight. 

In all wings, whatever their position during the intervals of rest, and whethc^r in one piece or in many, this 
feature is to be observed in flight. The wings are slewed downwards and forwards, that is, they are carried more 




Fig. 534. — Analysis of the movements made by the wing of the bird during the down and up strokes, also the angles made by 
its under surface with the horizon as it rises and falls. The wing is seen in transverse section from letters (( to inclusive. 
j-j x'y Line of the horizon ; 1, 3, 5, body of bird ; a, a\ /», c, down stroke (A) of wing ; t/, f, /, up stroke (B) of wing ; 7, A, t, a second 
down (C) stroke ; j, ^, /, a second up stroke (D) ; //t, /{, u, a third down stroke (E), (the Author, 1870). 

or less in the direction of the head during their descent, and reversed or carried in an opposite direction during 
their ascent. In stating that the wings are carried away from the head during the back or up stroke, I wish it to 
be understood that they do not therefore necessarily travel backwards in space when the bird is flying forwards. 
On the contrary, the wings, as a rule, move forward in curves, both during the down and up strokes. The fact is, 
that the wings at their roots are hinged and geared to the body so loosely that the body is free to oscillate in a 
forward or backward direction, or in an up, down, or oblique direction. As a consequence of this freedom of 
movement, and as a consequence likewise of the speed at which the bird is travelling, the wings during the back or 
up stroke are for the most part actually travelling forwards. This is accounted for by the fact that the body falls 
downwards and forwards in a curve during the up or return stroke of the wings, and because the horizontal S{)eed 
attained by it is so much greater than that attained by the wings, that the latter are never allowed time to travel 
backward, the lesser movement being, as it were, swallowed up by the greater. For a similar reason, the passenger of 
a steamship may travel rapidly in the direction of the stem of the vessel, and yet be carried forward in space — the 
ship sailing much quicker than he can walk. 

While the wing is descending, it is rotating upon its root as a centre (short axis). It is also (and this is a most 
important point) rotating upon its anterior margin (long axis), in such a maimer as to cause the several parts of the 
wing to assume various angles of inclination with the horizon. 

Fig. 534 supplies the necessary illustration. 

In Fig. 534 the body of the bird is represented at 1, 3, and 5 ; transverse sections of the wing (during the down 
and up strokes), being seen at the letters a to o inclusive. The down strokes are indicat-ed at A, C, and E, the up 
strokes at B and D. Fig. 534 brings into strong relief the various angles made by the wing with the horizon (x, a/) 
during the down and up strokes. It also emphasises the important fact that the under concave surface of the wing 
acts as a kite during both strokes, and has, practically, no slip. 

As the wing descends, which it does in a dotvniuard and forward directum, the posterior margin is screwed down- 

^ The above observation was made at Carlo w on the Ban-ow iu October 1867, and the account of it is taken from my notelx>ok. 
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wards and forwards until it assumes a nearly vertical i^osition (c, t, o) ; the rotation of the posterior margin round 
the anterior margin causing the different portions of the under surface of the wing to assume various angles of inclina- 
tion with the horizon (letters a to o inclusive) ; the wing attacking the air like a boy's kite. The angles are greatest 
towards the root of the wing and least towards the tip. They accommodate themselves to the speed at which the 
different portions of the wing travel — a small angle with a high speed giving the same amount of buoying power as 
a larger angle with a diminished speed. The screwing of the under surface of the wing (particularly the posterior 
margin) in a downward and forward direction during the down stroke is necessary to ensure a suflScient upward 
and forward recoil ; the wing being made to swing downwards and forwards pendulum fashion, for the purpose of 
elevating and propelling the body, which it does by acting upon the air as a long lever, and after the manner of a 
kite. During the down stroke the wing is active, the air passive ; the wing being depressed by a purely vital act, 
and at varying degrees of speed ; the speed being greatest at the beginning of the down stroke ; when the wing 
frequently emits a loud clapping soimd, as in the flight of the pigeon. 

The down stroke is readily explained, and its results upon the body are obvious. The real difficulty begins with 
the up or return stroke. If the wing were simply to travel in an upward and backward direction, it is evident that 
it would experience much resistance from the superimposed air, and undo or negative the advantages secured by 
its descent. What really happens is this. The wing does not travel upwards and backwards (the body, be it 
remembered, is advancing), but upwards and jorwards. This is brought about in the following manner. The wing 
is at nearly right angles to the horizon at the end of the down stroke (see Plate clxxv.. Fig. 2, upper bird, p. 1269). It 
is, therefore, caught by the air because of the more or less horizontal travel of the body ; the elastic ligaments and 
other structures rotating the posterior or thin margin of the pinion in an upward direction. The wing by this partly 
vital and partly mechanical arrangement is rotated of! the wind in such a manner as to keep its dorsal or non- 
biting surface directed upwards, while its concave or biting surface is directed downwards. The wing, in short, has 
its planes so arranged, and its angles so adjusted to the speed at which it is travelling, that it darts up a gradient 
like a true kit^j. The wing consequently elevates and propels during its ascent as well as during its descent. It is, 
in fact, a kite during both the down and the up strokes. The ascent of the wing is greatly assisted by the forward 
travel of the body. It is further assisted by the downward and forward fall of the body. This view will be readily 
understood by supposing, what is really the case, that the wing at the end of the down stroke is more or less fixed 
by the air in space, and that the body, the instant the wing is fixed, falls downwards and forwards in a curve, which, 
of course, is equivalent to placing the wing above, and, so to speak, behind the bird — in other words, to elevating 
the wing preparatory to a second down stroke. 

When a bird rises from the ground it runs for a short distance, or throws its body into the air by a sudden 
leap ; the wings being simultaneously elevated. When the body is fairly off the ground, the wings are made to 
descend with great vigour, and by their action to continue the upward and forward impulse secured by the 
preliminary run or leap. The body then falls in a curve downwards and forwards, the wings, partly by the fall of 
the body, partly by the reaction of the air on their under surface, and partly by the contraction of the elevator muscles 
and elastic ligaments, being placed above, and to some extent behind the bird — in other words, elevated. The second 
down stroke is now given, and the wings are again elevated as explained, and so on ad infinitum ; the body falling 
when the wings are being elevated, and vice versa. 

When the long-winged oceanic bird rises from the sea, it uses the tips of its wings as levers for forcing the body 
up, the points of the pinions suffering no injury from being brought violently in contact with the water. A bird 
cannot be said to be flying until the trunk is swinging forward in spac^ and taking part in the movement. The 
hawk, when fixed in the air over its quarry, is simply supporting itself. To fly, in the proper acceptation of the 
term, implies to support and propel. This constitutes the difference between a bird and a balloon. The bird can 
elevate and carry itself forward, the balloon can simply elevate itself, and must rise and fall in a straight line in 
the absence of air currents. When the gannet throws itself from a cliff the inertia of the tnmk at once comes into 
play, and relieves the bird from those herculean exertions required to raise it from the water when it is once fairly 
settled thereon. A swallow dropping from the eaves of a house, or a bat from a tower, afford illustrations of the 
same principle.^ 

* Many insects launch tlu'insclves into sjxacc prior to fli^'lit. Sunn-, liowrvor, do n(»t. Thus the blo\v-(U' can rise from a level surfart^ 
when its legs are removed. This is accounted for hy the greater amplitude and nion> horizontal |»lay of the insect's wing as comjianKl with that ''f 
the bird and hat, and likewise hy the remarkable reciprocating {miw.m which it i»f»ssis.st'.s when "^the body of the insj^^ is not moving forvank 
When a beetle atU'inpts to tly from the hand it extends its front legs uiid tlexrs the bark ones, and tilts its head and thorax upwards so as exactly 
to lesemble a horse in the act of rising from tlu^ ground. This |.reiiniinary over, whirr go its wings with immense velocity, and in an almost 
horizontal direction, the body being inclined more or hss vertically. Tin? insect rises very slowly, and oft(?n requires to make several 
attempts before it succeeds in launching itself into the air. I couhl never dete<t any ])resMure communicated to the baud when the insei't was 
leaving it, from whicli 1 infer that it does not leap into tln' air. The bees, I am disposed to believe, also rise without anything in the fomi of a 
leap or spring. 1 have often watched them leaving the petals of Mowers, and they always appeared to me to elevate themselves bv tJie stea-ly 
play of their wings, which was the more necessary, as the surfa«'(' fr«»ni which they rose was in many cases a yielding surface. 
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§ 436. The Body is made to Ascend when the Wings Descend, and vice versi. 

The manner in which the body falls downwards and forwards during the up stroke in progressive flight is 
illustrated at Figs. 534 (p. 1283), 535, and 536. 

At Fig. 535 the body is represented at a and c, the wing at b and d ; x supplying the fulcrum or pivot on 
which the body and wing oscillate. The letters 6, / and g, h represent segments of circles described by the body and 
wing respectively. 

If the wing (6) be depressed in the direction h, and made to assume the position rf, it causes the body (a) to 
ascend to c. If, on the other hand, the wing (d) be elevated in the direction g until it assumes the position b, it 
causes the body (c) to fall to a. The force of gravitation largely accounts for 
the fall of the body during the up stroke. The ascent or descent of the wing 
is always very much greater than that of the body, from the fact of the pinion 
acting as a long lever. The remarks just made are true more especially of the 
body and wing when oscillating on either side of the fixed point x, this furnishing 
the fulcrum on which the body and the wing alternately act. The peculiarity, 
however, of the wing and the wing movements consists in the fact that the wing 
is a flexible lever and acts upon yielding fulcra (the air), the body participating 
in, and to a certain extent perpetuating, the movements originally produced by 
the pinion. The part which the body performs in progressive flight is illustrated 
at Fig. 53(). At a the body is depressed, the wing being elevated and ready to 
make the down stroke at b. The wing descends in the direction c, d, but the 
moment it begins to descend the body moves ujrwards and forwards (see arrows) 
in a curve to e. As the wing is attached to the body it is made gradually to 
assume the position /. The body is now elevated and the wing depressed, the 
under surface of the latter being so adjusted that it strikes upwards and for- 
wards as a kite would. The body now falls downuxirds and forwards in a curve to i, and in doing this it elevates 
or assists in elevating the wing to /. The pinion is a second time depressed in the direction g, h, which has the 
effect of forcing the body along a waved track and in an upward direction until it reaches the \yo\\\t k. The ascent 
of the body is produced by the descent of the wing as at I. The body and wing, as will be seen from this figure, 
are alternately above and beneath a given line x, x\ 

A careful study of Figs. 534, 535, and 53() shows the great importance of the twisted configuration and curves 
peculiar to natural wings. If the wing were not curved in every direction it could not be rolled on and off the 




^ 



Fig. 53.*^. 
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wind during the down and up strokes, as shown more particularly at Fig. 536. This, however, is a vital point in 
progressive flight. The wing (6) is rolled on to the wind in the direction c, rf, its under concave or biting surface 
being crushed hard down with the effect of elevating the body to e. The body falls to i, and the wing (/) is rolled 
off the wind in the direction e, and elevated partly by the action of the elevator muscles and elastic ligaments, and 
partly by the reaction of the air, operating on its under or concave biting surface, until it assumes the position /. 
The wing is therefore to a certain extent resting during the up stroke. The concavo-convex form of the wing is 
admirably adapted for the purposes of flight. In fact, the power which the wing enjoys of always keeping its concave 
or under surface directed downwards and more or less fortoards enables it to seize the air at every stage of both the 
up and down strokes so as to supply a persistent buoyancy. The action of the natural wing is accompanied by 
remarkably little slip — the body, air, elastic ligaments, and muscles all co-operating and reciprocating with remark- 
able precision and effect, the descent of the wing elevating the body, the descent of the body, aided by the reaction 
of the air and the contraction of the elastic ligaments and nmscles, elevating the wing — this during the up stroke 
arching above the body after the manner of a parachute, and in turn preventing the body from falling. The sympathy 
which exists between the several parts of a flying animal and the air on which it depends for support and progress 
is consequently of the most intimate character. 
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The up stroke (B of Fig. 534), as will be seen from the foregoing account, is a compound movement due in some 
measure to recoil or resistance on the part of the air, to the action of the elevator muscles, elastic ligaments, and 
other vital structures, to the elasticity of the wing, and to the falling of the body in a downward and forward 
direction. The body, the elastic ligaments, the muscles, and the air, are active and passive by turns during the 
down and up strokes ; the depressor muscles and elastic properties of the wing being called into play during the 
down stroke, and the elevator muscles, the elastic ligaments, the weight of the body, and the reaction of the air during 
the up stroke. 

§ 437. The Natural Wing when Elevated and Depressed must move Forwards. 

It is a condition of natural wings, and of artificial wings constructed on the principle of living wings, that when 
forcibly elevated or depressed, even in a strictly vertical direction, they inevitably dart forward. This is well shown 
in Fig. 537, first published by me in 1870.^ 

If, for example, the wing be suddenly depressed in a vertical direction, as represented at a, 6, it at once darts 
downwards and forwards in a curve to c, thus converting the vertical down stroke into a down, oblique, forward stroke. 
If, again, the wing be suddenly elevated in a strictly vertical direction, as at c, rf, the wing as certainly darts up- 
wards and forwards in a curve to e, thus converting the vertical up stroke into an upward, oblique, forward stroke. 
The same thing happens when the wing is depressed from e to /, and elevated from g to h. In both cases the wing 
describes a waved track, as shown at e, g ; g, i, which clearly proves that the wing strikes downwards and forunrds 
during the down stroke, and upwards atid forwards during the up stroke. The wing, in fact, is always advancing ; 

its under surface attacking the air like a boy's kite. If, on the 
other hand, the wing be forcibly depressed, as indicated by 
the heavy waved line a, c, and left to itself, it will as surely 
-. ^ . o rise again and describe a waved track, as shown at c, e. This 

j,j^. >^- it does by rotating on its long axis, and in virtue of its flexi- 

bility and elasticity, aided by the recoil obtained from the 
air. In other words, it is not necessary to elevate the wing forcibly in the direction c, d to obtain the 
upward and forward movement c, e. One single impulse, communicated at a, causes the wing to travel to e, and 
a second impulse, conmumicated at e, causes it to travel to i. It follows from this that a series of vigorous down 
impulses would, if a certain itUerml were allowed to elapse betweefh thetn, beget a corresponding series of up impulses, 
in accordance with the law of action and reaction ; the wing and the air under these circumstances being alternately 
active and passive. I say if a certain interval were allowed to elapse between every two down strokes, but this is 
practically imi)ossible, as the wing is driven with such velocity that there is positively no time to waste in waiting 
for the purely mechanical ascent of the wing. That the ascent of the pinion is not, and ought not to be, entirely 
due to the reaction of the air, is manifest from this, that in flying creatures (certainly in the bird and bat) there are 
distinct elevator muscles and elastic ligaments delegated to the performance of this function. The reaction of the 
air is therefore only one of the forces employed in elevating the wing ; the others, as I shall show presently, are 
vital and vi to- mechanical in their nature. The falling downwards and forwards of the body when the wings are 
ascending also contributes to this result. 

The accuracy of my statement as to the forward travel of the wing during the down and up strokes may be 
readily verified by a very simple experiment. 

If I take a piece of bamboo cane, and, by the aid of a joiner's plane, convert it into a finely tapered, graduated 
ehistic structure which bi»nds in a graceful arch in an upward or downward direction under pressure applied to its 
tip and weaker portions ; if, further, I fix to the flat or shaved surface of the cane three portions of finely tempered, 
highly springy, ribbon steel, each of which is also made to taper to a point, I get at once the skeleton of a genuine 
wing. I have, for the sake of simplicity, fixed the three portions of ribbon steel to the bamboo cane at right angles, 
but in the natural wing (to be quite accurate) the ribbon steel jwrtions of the structure would have to be greatly 
increased in number and to radiate towanls the tip of the wing. If to the skeleton wing, produced as explained, I 
adtl a covering of buckram or net, the interstices of which are filled with a film of starch, such as is employed for 
stiffening pur|H)ses in tailoring and in dress and bonnet making. I produce a perfectly serviceable wing, which, when 
set in motion and guided by the hand, reproiluces all the natural wing movements, especially the forward ones. Such 
a simple artificial wing is rt^presented at Fig. ")^i8. 

In the figure at A. the wing (a, 6, c, d) is being depre*ssed (g. g. g) by the right hand as in the down stroke : 
the ruleii, diamond -shajwd, dark j)ortion (A, /i, /i, h) of the figiu*e n^ presenting the nether air which resists the descent 

* " Tlie lUiv^iology of Wiujcsi. " (Trana. li'oi/. S>k: A<'«;».. vol. x.wi., \k 344.) 
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of the wing. When the wing is made to descend the tapering bamboo cane (a, b), which is semi-rigid under slight 
pressure, yields little. It is otherwise with the posterior margin {c, d), which yields in an upward direction to a con- 
siderable extent. The degree of upward yielding is indicated at e, /, by a prolongation of the middle portion of 
ribbon steel. What happens is this. The hand forces the wing in a downward direction {g, g, g) : the nether air 
(A, h, k, k) resists the descent and forces the posterior, thin, elastic margin (c, d) upwards in a curve, with the result 
that the whole wing travels downwards and forwards in a curve in the direction of the dart (i). 

Precisely the same thing happens in the up stroke as represented at B of Fig. 53f^. At B, the tapered semi- 
rigid bamboo cane which forms the anterior margin of the wing is seen at i, j ; the thin, post«rior, highly elastic 
margin at k, I ; the prolonged portion of ribbon steel at m, n ,' and the superimposed air at p, f, p. p. 

When the wing is elevated in the direction o, o, 0, by the hand, the superimposed air offers resistance, more 
especially to the thin, elastic, posterior margin of the wing, and forces it into a curve as at n. with the result that 
the wing flies upwards and forwards in a curve as 
indicated by the dart marked q. 

This unlooked-for result is further illustrated at 
of Fig. 5.W, where a finely tapered steel rod 
(r, s), a graduated portion of ribbon steel {1} soldered 
to it at right angles, and a fixed loop (x), within 
which the ribbon steel is placed, are employed. When 
the rod is depressed by the hand at r, the posterior 
portion of the ribbon steel caught in the fixed loop 
(x) is bent in an upward curve, with the result that 
the steel rod itaelf inevitably travels downwards and 
forwards in a curve. Exactly the same thing happens 
when the steel rod is elevated. In this CAse, the 
ribbon steel is bent in an upward curve {fide inter- 
rupted curved line) ; with the result that the steel 
rod is made to travel in an upward and forward 
curve. The wing and the steel rod take the line of 
least resistance during both the down and up strokes, 
hence the downward and upward forward curves in 
either case. The downward and forward curves are 
united in progressive flight, and form the waved 
trajectory in the air characteristic of free flight. 

As I showed in 1870, the body of the insect, bird, 
and bat falls forwards in a curve when the wing 
ascends, and is elevated in a curve when the wing 
descends. It follows that the trunk of the animal is 
urged along a waved line, as represented at 1, 2, 3. 
4, 5, of Fig. 537 ; the waved line a, c, c, g, i of the 
same figure giving the track made by the wing. 1 have distinctly seen the alternate rise and fall of the body 
and wing when watching the flight of the gull from the stern of a steamboat. 

The direction of the stroke in the insect, as has been already explained, is much more horizontal than in the 
bird or bat. In either case, however, the down stroke must be delivered in a more or less forward direction. This 
is necessary for support and propulsion. A horizontal to-and-fro stroke will elevate, and an up-and-down vertical 
one propel, but an oblique forward stroke is requisite for progressive flight. 
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S 43S. The Body and Wing:s more in Opposite Curves. 

I have stated that the wing advances in a waved line, as shown at n, c, e, g, i of Fig. r)37 ; and similar remarks 
are to be made of the body as indicated at 1, 2, .'!, 4, -5 of that figure. Thus, when the wing descends in a curved 
line a, c, it elevates the body in a similar but opposite and minor curved line, as at 1, 2 ; when, on the other hand, 
the wing ascends in the curved line c, e, the body descends in a similar but opposite and smaller curved line (2. 3), 
and so on ad in^nilum. The undulations made by the body are so trifling when compared with those made by the 
wing, that they are apt to be overlooked. They are, however, deserving of attention, as they exereise an important 
influence on the undulations oxade by the wing ; the body and wing swinging forward alternately ; the one rising 
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when the other is falling, and vice versd. Flight may be regarded as the resultant of three forces — the muacakr 
and elastic force, residing in the wing, which causes the pinion to act as a true kite, both during the down and up 
strokes ; the weight of the body, which becomes a force the instant the trunk is lifted from the ground in a forward 
direction from its tendency to fall downwards and forwards ; and the recoil coined from the air by the rapid action 
of the wing. These three forces may be said to be active and passive by turns. 

The alternate rise and fall of the wing and body in progressive flight, first described and f^ured by me in 1870. 
under the heading, " When the Wing ascends the Body descends, and vice versd" were fully confirmed by Professor 
E. J. Marey by the aid of instantaneoua photography in 1887, seventeen years after I wrote. I append hb figure. 
as it affords another example of the many important points in which I have anticipated this author. 




FiQ. 539.— Photograph n( the flight ot the gull ; fifty pictures taken per second. From a to It ia represented one resolution ol 
the wing. A stniight linu (.■, d) indicates the axis ot flight. A dotted line (/) enables us to follow- the vertical oscillations of the 
eye of the bird. An interrupted line («) shows the trajectory made by the wrist of the wing in a revolution of the winji. g. The 
wing fully exteuded at the und of the down stroke ; h, i, the wing being flexed preparatoi y to making the up stroke. Below is s 
scale to measure the sine of the bird and the spaces traversed. (Epitome ot a Memoir by Proteasor E. J, Marey " On the Hechanism 
of the Flight of Birds studied by the Aid of Photochromography,'' extracted from the Vouijiles Jtendvs of the sittings of the 
Academy of Si'ieiiees, vol. civ., meeting of the 24th of January, 1887.) 



§ 439- Birds fly by causing their lai^e, powerful Wings to act upon the Air as Kites ; the Air fumishii^ 

a suitable Fulcrum for supporting and carrying them upwards and forwards. The 'Wings are 

propelled by voluntary, well-directed Muscular Movements, aided by certain Elastic Structures 

which contribute to the continued Vibrations of the Wings. In Flight, Weight and Momentum 

play an important part. 

The various movements involved in asceniling. <]escending. wheeling, gliding, and progressing horizontally, are 

all the result of muscular power and weight, projxrly directed and acting upon appropriate wing surfaces— 

that apparent buoyancy in birds, which we so highly esteem, arising not from superior lightness, but from their 

possessing that degree of solidity which enables them to subjugate the air — weight and independent motion, that is 

motion associate<l with animal life, or what is equivalent thereto, being the two thin^ indispensable in successful 

aerial progression. The weight in insects and binls is in great measure owing to their greatly developed muscular 

system, this tieing in that delicate state of tonicity which enables them to act through its instrumentality with 

nmrvellous dexterity and power, and to expend or reserve their energies, which they can do with the utraost exactitude. 

in their apparently interminable flights. 



§ 440. Lifting Capacity of Birds. 

The nuiscniar jwwer in biixla is usually greatly in excess, }iarticutarly in birds of prey — as. for example, the condors, 
eagles, liawkn. and owla. The t'aglea are rciimrkHhli' in tliia nwiKH't —these having been known to carry off young 
deer, lambs, rabbits, hares, and. it. is avernil, even young children. Many of the fishing birds, as the pelicans and 
herons, can likewise carry considerable lotnis of tisli ; ■ aiu! even the smaller birds, as the records of spring show, are 
capable ot tranB[)orting TOmjiaratively large twigs fur luiildiiig pur|>o.si's. f nn-self have seen a tame owl, whicli 
weigheti a little over 10 ounces, lift niid tly oR with Jl ounoi 
effort, after having faste<l twenty-f<)ur hours ; and 11 frieiul inti 
shot at Littlehamptoa. on the coast of Sus.sex. with ti liah .'» llis. « 

' ■ On ill.' riiv>i.'l..j!,v ,.f WiiiKH." , rivir.-. /.'... 



I ,il-K.-: 



iif sit'iik, or a quarter of its own weight, without 
rms nil- that a short time ago a splendid osprey wa.* 
'ifllit in it.-* mouth. 
:ua. Mi. 3,ui 34,-1, Fill. 11. 

Wright. The lierrus an- 



I 111.' 



MODE OF ASCENDING, DESCENDING, TURNING, &c. 1289 

§ 441. Mode of Ascending, Descending, Turning, &c. 

All birds which do not, like the swallow and humming-birds, drop from a height, raise themselves at first by 
a vigorous forward leap, in which they incline their bodies in an upward direction, the height thus attained enabling 
them to extend and depress their wings without injury to the feathers. By a few sweeping strokes delivered down- 
wards and forwards, in which the wings are made nearly to meet above and below the body, they lever themselves 
upwards and forwards, and, in a surprisingly short time, acquire that degree of momentum which greatly assists 
them in their future career. In rising from the ground, as may readily be seen in the crow, pigeon, and kingiSsher, 
the tail is expanded and the neck stretched out, so that the body is converted into an inclined plane, and acts 
mechanically as a kite. The centre of gravity and the position of the body are changed at the will of the bird by 
movements in the neck, feet, and tail, and by increasing or decreasing the angles which the under surface of the wings 
makes with the horizon. When a bird wishes to fly in a horizontal direction, it causes the under surface of its wings 
to make a slight forward angle with the horizon. When it wishes to ascend, the angle is increased. When it wishes 
to descend, it causes the under surface of the wings to make a slight backward angle with the horizon. When a 
bird flies up, its wings strike downwards and forwards. When a sufiicient altitude has been attained, the length of 
the downward stroke is generally curtailed, the mere extension and flexion of the wing, assisted by the weight of the 
body, in such instances sufficing. This is especially the case if the bird is advancing against a light breeze, the effort 
required under such circumstances being nominal in amount. That little power is expended is proved by the endless 
gyrations of rooks and other birds ; these being continued for hours together. In birds which glide or skim, it has 
appeared to me that the wing is recovered much more quickly, and the down stroke delivered more slowly, than 
in ordinary flight — in fact, that the rapidity with which the wing acts in an upward and downward direction is, in 
some instances, reversed ; and this is what we should naturally expect when we recollect that, in gliding, the wings 
require to be, for the most part, in the expanded condition. If this observation be correct, it follows that birds 
have the power of modifying the duration of the up and down strokes at pleasure. Although the wing of the bird 
usually strikes the air at an angle which varies from 15® to 30°, the angle may be increased to such an extent as 
to subvert the position of the bird. The tumbler pigeon, for example, can, by slewing its wings forwards and 
suddenly throwing back its head, turn a backward somersault. When birds are fairly on the wing they have 
the air, imless when that is greatly agitated by a storm, completely under control. This arises from their greater 
specific gravity, and because they are possessed of independent motion. If they want to turn, they have simply to 
tilt their bodies and wings laterally, as a railway carriage is tilted in taking a curve, or to increase the degree of 
pressure exerted by the one wing as compared with the other ; or to keep the one wing extended while the other is 
partially flexed. The neck, feet, and tail may or may not contribute to this result. If the bird wishes to rise, it tilts 
its entire body (the neck and tail participating) in an upward direction (Plate clxxv., Fig. 1, A, p. 1269) ; or it rises 
principally by the action of the wings and by muscular efforts, as happens in the lark. The bird can, by muscular 
wing action, even maintain a fixed position in the air, as may be observed in the hawk when hovering above its prey. 
If the bird desires to descend, it may reverse the direction of the inclined plane formed by the body and wings, 
and plunge head foremost with partially folded pinions (Plate clxxv.. Fig. 1, B) ; or it may raise its wings and drop 
parachute-fashion ; or it may even fly in a downward direction — a few sudden strokes, a more or less abrupt curve, 
and a certain degree of horizontal movement being in either case necessary to break the fall previous to alighting 
(Plate clxxv., Fig. 1, C). Birds which fish on the wing, as the osprey and gannet, precipitate themselves from in- 
credible heights, and drop into the water with the velocity of a meteorite — the momentum which they acquire during 
their descent materially aiding them in their subaqueous flight. They emerge from the water and are again upon 
the wing before the eddies occasioned by their precipitous descent have well subsided, in some cases rising apparently 
without effort, and in others running along and beating the surface of the water for a brief period with their pinions 
and feet. 

There are many points in the history and economy of birds which crave our sjonpathy while they elicit our 
admiration. Their indubitable courage and miraculous powers of flight invest them with a superior dignity, and secure 
for their order almost a duality of existence. The swallow, tiny and inconsiderable as it may appear, can traverse 
1000 miles at a single journey ; and the albatross, despising compass and landmark, trusts himself boldly for weeks 
together to the mercy or fury of the mighty ocean. The huge condor of the Andes lifts himself by his sovereign 
will to a height where no sound is heard, save the airy tread of his vast pinions, and, from an unseen point, surveys 
in solitary grandeur the wide range of plain and pasture -land, ^ while the bald eagle, nothing daunted by the din and 
indescribable confusion of the queen of waterfalls, the stupendous Niagara, sits composedly on his giddy perch, until 
inclination or desire prompts him to plunge into or soar above the drenching mists which, shapeless and ubiquitous, 
perpetually rise from the hissing waters of the nether caldron. 

* The condor, on some occasions, attains an altitude of six miles. 
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THE WINGS OF BATS 

The bat enjoys a unique position in the history of locomotion. It is the only mammal which flies, and this 
it does without having air in its bones, and without being provided with air sacs and feathers, by the aid of a very 
ample, continuous, neuro-vascular, elastic membrane, supported by its arms, forearms, and hands, and also by the 
sides of its body, legs, and tail. 

The wing of the bat presents some remarkable features, well seen in some of the larger species. 

1. The dimensions of the wing are enormous, as compared with the body and legs. 

2. It is relatively more developed than the wing of any bird. Not only is its length great, but it extends 
backwards along the side of the body and tail to its tip — the tail being, in some of the smaller bats, quite the 
length of the body itself. 

3. It is markedly convex above and deeply concave beneath, especially towards the leg and tail, where it forms 
a concavo-convex parachute. 

4. It is exceedingly sensitive, and its blood-vessels pulsate rhythmically : so sensitive is it that a bat can fly in 
a dark room with threads stretched across it without touching any of them. 

5. Its membranous portion is stretched upon a springy, osseous framework, namely, the bones of the arm, 
forearm, and hand, the leg, and the tail. 

6. It is mobile and elastic in all its parts, and can, during flight, be moved with great facility, so as to cause its 
under surface to make a great variety of angles with the horizon — the angles being least at the tip of the wing and 
greatest at the root. 

7. It resembles the wing of the insect in being composed of a continuous, semi-transparent membrane, supported 
in every direction by semi-rigid, elastic structures. 

8. It resembles the wing of the bird in having bone as its substratimi, and in being jointed, so that it can be 
flexed during the up stroke and extended during the down stroke. 

9. It differs from the wing of the bird in having no feathers, and in having the fingers of its hand free, that 
is, not run together and ossified. 

The wing of the bat is a true fore limb, composed of a humerus or arm-bone united to the body by a ball-and- 
socket joint (shoulder-joint) ; a radius and ulna united to the humenis by a spiral hinge-joint (elbow-joint). It is 
also provided with carpal and metacarpal bones and five phalangeal or finger-bones which represent the hand. Of 
the five phalangeal or finger-bones, the thumb is tnmcated and terminates in a claw or hook ; the index fiinger is 
also shortened ; the third, fourth, and fifth fingers being very greatly elongated and perfect. 

The wing of the bat differs from that of the bird, and the foreleg of the horse, especially as regards the manus 
or hand. It has, as stated, carpal and metacarpal bones, and five phalanges or finger-bones — two of these being 
considerably modified ; the remaining three phalanges are of enormous dimensions as compared with the bones of 
the arm and forearm ; the function of the three greatly elongated phalanges or finger-bones being to support the 
voluminous flying membrane, in conjunction with the side of the body, leg and tail. There is a less violent 
departure from the typical hand in the bat than in the hands of the bird and horse, but there is a sufiicient amount 
of modification to make it quite clear that the wing of the bat is the outcome of design and the product of a far- 
reaching intelligence. It is no chance product, any more than is the wing of the bird or the foot of the horse. It 
is as well adapted for the purpose for which it was created as either the one or the other. It affords an example 
of the modification of the first and second metacarpal and phalangeal bones and quite a phenomenal development 
of the third, fourth, and fifth phalangeal or finger-bones. This partial suppression of growth in one direction, and 
the great increase of growth in another direction, is not the result of evolution, but simply decreased and increased 
growth for a purpose. It is retrogression in one sense ; in another it is advance, and must be regarded as a per- 
fection, seeing it secures the highest good for the animal, namely, a means of existence. Without its ample, beauti- 
fully constructed wings the bat would inevitably perish. Its wings are means to ends ; they enable it to navigate 
the air and secure food of a kind adapted to its requirements. 

The very large wings of the bat, coupled with its small body and dwarfed legs, forcibly remind us of the 
inexorable demands of the air as regards locomotion therein. 

The wings of the bat rigidly conform to the type, if not the precise structure, of the wings of the insect and 
bird. Thus, they are triangular in shaj>e, mobile, elastic, and carefully graduated — that is, they are thicker and 
stronger at the roots than at the tips. Their anterior margins are also thicker and stronger than their posterior 
margins. They are true organs of flight anatomically and physiologically. 

Wliile the bat is the only existing manmial which can fly, it is well to bear in mind that the galeopithecus or 
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flying lemur can all but fly. It is provided with what is virtually a flying membrane extending between its neck, 
sides, arms, legs, and elongated tail, which enables it to take long, gliding leaps from higher to lower levels, from trees 
and other lofty structures. Its flying membrane is, strictly speaking, a parachute, and endowed with no great amoimt 
of independent movement. Its hands are not modified in any way to support a flying membrane, and it cannot cause 
its anterior extremities to flap in an upward and downward direction as in the bat. 

Another example of a parachute, gliding membrane is to be noted in the flying dragon. The membrane in this 
case is supported by the ribs — the arms, hands, legs and feet, which are typical structures, being left quite free. 

The following is the account of the bat's wing given by me in 1867 : ^ — 

§ 442. Where the Bat's Wing agrees with and difTers from that of the Insect and Bird. 

The wing of the bat bears a considerable resemblance to that of the insect, inasmuch as it consists of a delicate, 
semi-transparent, continuous membrane, supported in divers directions, particularly towards its anterior margin, 
by a system of stays or stretchers, which confer upon it the degree of rigidity requisite for flight. The supports in 
this instance consist of the bones of the arm, forearm, and hand, and as these fold upon themselves during the 
period of repose, they bear a certain analogy to the nervures in the wing of the beetle. Indeed, if the wing of the 
bat and that of some of the larger beetles be compared, they will be found to possess many features in common. 
They especially resemble each other in their general contour and the manner in which their horny and osseous sup- 
ports taper from within outwards, and from before backwards. The wing of the bat varies in shape, as do the wings 
of insects and birds, in some cases being short and broad, in others elongated and narrow. It also differs as regards 
relative proportion, on some occasions being ample with regard to the body, in others comparatively scanty. It 
is, as a rule, deeply concave on its under or ventral surface, and in this respect resembles the wing of the Rasores or 
heavy-bodied birds. It differs from the wing of the bird in being supported, in addition to the bones of the arm, 
forearm, and hand, by the bones of the feet and tail, and likewise by the back and side of the body, and in present- 
ing an uninterrupted or continuous membrane both in flexion and in extension. If the tail be long, the area of the 
wing is increased, this with the legs distending and supporting the membrane in a backward direction. This arrange- 
ment facilitates the evolutions of the bat on the wing, the elevation or depression of the feet and tail, and the spread- 
ing thereof, assisting it in ascending, descending, and turning. 

§ 443. The Bones of the Wing of the Bat— the Spiral Configuration of their Articular Surfaces. 

The bones of the arm, forearm, and hand are especially deserving of attention. The humerus is short and 
powerful, and twisted upon itself to the extent of a quarter of a turn. As a consequence, the axis of the shoulder- 
joint is nearly at right angles to that of the elbow-joint. Similar remarks may be made regarding the radius (the 
principal bone of the forearm), and the second and third metacarpal bones, with their phalanges, all of which are 
greatly elongated, and give strength and rigidity to the anterior or thick margin of the wing. The articular surfaces 
of the bones alluded to, as well as of the other bones of the hand, are spirally disposed with reference to each other, 
the long axes of the joints intersecting at nearly right angles. The object of this arrangement is particularly 
evident when the wing of the living bat, or of one recently dead, is extended and flexed as in flight.* 

§ 444. Extension and Flexion in the Wing of the Bat. 

In the flexed condition the humerus and the second and third metacarpal bones, with their phalanges, are 
parallel to each other, the radius and ulna being raised a little above the others ; and the fourth and fifth meta- 
carpal bones, with their phalanges, a little below — the whole being parallel, or nearly parallel, with the long axis of 
the body. In the flexed state the surface of the wing is diminished to its utmost, so that it presents its narrow 
edge to the air. When extension takes place the elbow- joint is depressed and carried forwards, the wrist elevated 
and carried backwards, the metacarpal-phalangeal joints lowered and inclined forwards, and the distal-phalangeal 
joints slightly raised and carried backwards.^ The movement of the bat's wing in extension is consequently a 
spiral one, the spiral running alternately from below upwards and forwards, and from above downwards and back- 
wards. As the bones of the arm, forearm, and hand rotate in the direction of their length during the extensile act, 
it follows that the posterior or thin margin of the wing is rotated in a downward direction (the anterior or thick 

* T ransactions of the Liiuuan Sipcirti/, vol. xxvi., j>p. 238, 239, and 240. 

* I had the good fortune, wlien dealing with this i>ai-t of my subject, to obtain the body of one of the larger bats (a si)ecies of Pttnrpm) 
immediately after death. By its aid 1 was enable<l to determine nianv points which had escaped me in previous examinations. 

' The raising of the distal phalanges enables the bat to arrange the distal portions of the wing upon the back during extreme Hexion when the 
ATiimAl ifl ranoflinir. 
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one being rotated in an opposite direction) until the wing makes an angle of 30° or thereby with the horizon, ^ben 
the wing is fully extended it presents ita concave or surface of greatest resistance, and is then in a position to giv€ 
the effective or down stroke, wliich is delivered downwards and jorwards, as in the insect. These movements are 
reversed during flexion. The action of the bat's wing at the shoulder is particularly free, partly because the 
shoulder- joint is universal in its nature, and partly because the scapula [)articipates in the movements of this region. 
The freedom of action referred to enables the bat not only to rotat* and twist its wing as a whole, and so diminish 
or increase the angle which it makes with the horizon, but to rotate or screw it in an upward and downward direc- 
tion, and likewise in a forward and backward one. The rotatory or twisting movement of the wing is an essential 
feature in flight, as it enables the bat (and this holds true also of the insect and bird) to balance itself with the 
utmost exactitude, and to change its position and centre of gravity with marvellous dexterity. The movements 
of the shoulder-joint are restrained within certain limits by a system <if check ligaments, and by the coracoid and 
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acromian processes of the scapula, and the wing is recovered or flexed by the action of an elastic ligament extending 
between the shoulder and the elbow along the anterior margin of the wing, and by elastic and fibrous structures 
situated between the fingers and in the substance of the wing generally. The bat flies with great ease and for 
lengthened periods. Its flight is remarkable for its softness, in which respect it surpasses the owl and the other 
nocturnal birds. The action of the wing of the bat, and the movements of its component bones, are essentially 
the same as in the bird. I had a striking demonstration of the absolutely noiseless flight of the bat in the great 
rock temple of Abii Simbel, on the Nile, in 1905. This celebrated edifice is dug out of the solid rock, and is famous, 
among other things, for its countless swarms of these quaint and interesting creatures. They are literally in 
thousands. If a piece of magnesian wire was suddenly ignited and burned, the roofs of the side chambers of the 
temple became a living, tangled, moving mass. It was a wonderful sight. The bats flew in tiers, some of them not 
more than four feet from the head. Everjrthing, however, was as silent as the grave, and if one shut his eyes, it 
was impossible to detect their presence. 

Illustrations of the wing of the bat and of the pterodactyl are given at Plate clxxvii. 



PLATE CLXXVII 

Plate clxxvii. — This plate illustrates the flight of the bat and pterodactyl, two of the most remarkable flying 
forms known to science. Both fly by the aid of a continuous elastic flying membrane, which is supported by the 
bones of the wing, namely, the humerus or arm-bone, the bones of the forearm, and certain of the bones of the 
hand, which are considerably modified. The wing is also supported by the side of the body, the leg, and tail. 

Fig. 1. — The wing of the bat {Phyllorhina gracilis) ithows the extensive connections of the flying membrane. It is supported by 
the bones of the arm, forearm, and hand, the side of the body, the dwarfed leg, and the tail, a, Tapering, anterior, semi-rigid 
margin of wing ; />, thin, elastic, membranous, posterior margin of wing. Drawn from nature by G. Berjeau from the Author's 
collection. 

Fig. 2. — Bones of the wing of the extinct flying reptile (Scaphognalhtu crassirostrU). A, Humerus or arm-bone ; r, m, radius and 
ulna ; r, carpal bones ; ii, in, iv, hand and tinger-bones terminating in claws ; v^ enormously elongated fifth metacarpal and 
phalangeal bones (after Nicholson and Lydekker). 

Fio. 3. — The extinct flying reptile (Pterodadylus spect^bilis) — ventral aspect. Restored by the Author and C. Berjeau and 
drawn by the latter. 

Fio. 4. — The extinct flying reptile (Jthmnphorhynchm miiensteri) — dorsal aspect. Mark the long, pointed wing and large flying 
membrane extending backwards and terminating in a long tail. Restored by the Author and G. Berjeau. 

Fig. 5.— The extinct fljring reptile {Dimorphodon macronyx)—aoen from before. Note the finely pointed wings and extensive 
flying membrane extending backwards on either side of the long tail ; the whole forming a beautiful triangular kite, admirably 
adapted for sailing flight. Restored by the Author and G. Berjeau. 



THE WINGS OF PTERODACTYLS {Extinct flying reptiles) 

In ancient geologic time there were, so far as is known, no flying mammals. There were, however, a large 
number of fljring reptiles (pterodactyls), some of which had an expanse of wing of more than 18 feet. 

The pterodactyls included several species, ranging from the size of a pigeon upwards. They occur in the 
Mesozoic period. Their existence in that far-off time shows clearly enough that flight was one of the three great 
branches of locomotion instituted by the Creator for the progress from point to point of certain of His creatures 
on the earth's surface. In other words, flight was in no sense an after-thought, but a deliberate arrangement based 
on a preconceived plan, which had for its object the utilisation of the earth, water, and air as media for the trans- 
mission of animals in their search for food as a means of subsistence. 



§ 445. The Wings of Pterodactyls are Original Structures in the Sense that they fonned part of the 
Animals when created. 

There was no process of evolution at work whereby wing structures and other organs of locomotion were 
manufactured from each other, or by environment, or at the desire and wish of particular animals. On the con- 
trary, the organs of locomotion were supplied at the outset as integral parts of the animals which possessed them, 
and without which their existence would have been imperilled. No doubt, there are fixed animals and plants, 
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as well as animals and plants which move freely from place to place. The great scheme of nature is carried on in 
two ways, and both exhibit the highest conceivable wisdom and foresight. In the case of the fixed animals and 
plants, the food is brought to them ; in the other instance, the food is placed at various points on the earth's 
surface, and the freely moving animals are provided with suitable organs of locomotion, which enable them to search 
for and secure it. 

The existence of fins, wings, and feet, in primeval times, shows conclusively that they form, and have always 
formed, part of the apparatus of life. 

§ 446. The Wings of Pterodactyls conform to the Requirements of Flight as witnessed in Insects, 
Birds, and Bats. 

That wings and the other organs of locomotion are part of an original and carefully reasoned scheme of creation 
may be taken as certain, and especially when it is remembered that the travelling organs are formed on common 
types, and that all animals confining their operations to the land are provided with limbs and feet or their repre- 
sentatives ; that all sea-going animals are provided with fins and swimming tails, or their homologues ; and that 
all the animals destined to fly are furnished with wings. This view involves design and law and order in the organs 
of locomotion in animals, and is confirmed by the fact that all animals, to whatever order they belong, conform as 
regards their travelling surfaces to the requirements of the land, water, and air respectively. 

Thus, in the matter of wings, certain insects, birds, and bats are provided with them in modern times, as certain 
extinct reptiles were provided with them in the past 

The pterodactyls or flying reptiles are deserving of great consideration in this connection ; and I give three 
original drawings and restorations, by C. Berjeau and myself, of these most interesting animals in Plate clxxvii., 
Figs. 3, 4, and 5. 

§ 447. The Wings of Pterodactyls afford Examples of Extreme Modification for a Special Purpose. 

The wing of the pterodactyl is structurally a very remarkable organ. As shown at Plate clxxvii., Fig. 2, it 
consists of an osseous or bony, semi-rigid part, and of a membranous, highly elastic part. The bony part is com- 
posed of a short, strong humerus or arm-bone with a rounded extremity forming part of a universal joint (shoulder- 
joint) at one end, and at the other a spiral hinge-joint. The humerus bone is also twisted in the direction of it8 
length. The osseous part of the wing is further composed of a forearm consisting of a radius and ulna, a set of 
carpal or wrist-bones, five metacarpal bones, and five phalangeal or finger-bones. 

The hand and finger-bones are very greatly modified for the purposes of flight. Thus, the second, third, and 
fourth metacarpals and phalangeal bones are comparatively short, and terminate in cla¥rs, whereas the fifth is 
enormously increased in size, both as regards its length and breadth, and curves in a direction from before back- 
wards. It is the fifth metacarpal and fifth phalangeal or finger-bones which form the chief support for the con- 
tinuous elastic membrane of the wing. 

The flying membrane of the wing is composed of a comparatively thin, continuous membrane, which extends 
from the tip of the wing along the fifth phalangeal bones, fifth metacarpal bone, the radius and ulna, the humerus, 
the side of the body, the leg, and the side of the tail, which varies in length. Its connections are extensive, and its 
size very great as compared with the size of the animals, and there can be no doubt that the pterodactyls were 
splendid fliers. The size and shape of the wings equally confirm this view. The wings are long and pointed at 
their tips and unusually broad at their roots — this form of wing combining great elevating, propelling, and sustain- 
ing power. The tip and out^r portions of the wing elevate and propel, the inner portions acting as parachutes for 
sustaining. 

§ 448. Points wherein the Wings of Pterodactyls and Bats agree, and other Points wherein they differ. 

Then* is a general n^semblance l>etweeu the wing of the ptenxlaotyl and that of the bat (compare Figs. 3. 4. 
and r> with V\^. 1 of Plate clxxvii.). 

Then^ is. however, one im[H>rtant difFereiiee. 1 11 the ptenxlaotyl, the flying membrane is supported by the 
arm. fon»arni. fifth nietaear{>al Ixme and fifth digit, aiul l>y the siile i>f the Ixxiy, leg. and more or less elongated tail. 
whereas in the luit it is suppi>rteii by the arm. forearm, auil four digits, as well as by the other parts mentioned. 

In the ptoRxlaetyl we have ani>ther example oi a s|HH*ial nuHlitioation for a pur^xise, indicating design, fore- 
thought, anil the providinji of ** means to ends/' 
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The bones of the hand of the pterodactyl (the fifth digit or finger excepted) take no part in flight. These are 
well developed, and, as stated, terminate in claws. They are, however, only a quarter of the size of the enormously 
developed fifth digit. The great length of this digit will be readily inferred when I state that it is nearly twice 
the length of the arm and forearm taken together. 

§ 449. The Wings of Pterodactyls are produced not by dwarfing or obliterating original Typical Parts, 
but by the excessive Growth and Increase in Size of the Parts more especially connected 
with Flight. 

While the second, third, and fourth digits of the wing of the pterodactyl ailord no proof of dwarfing or retro- 
gression, the fifth digit affords unmistakable evidence of extraordinary development or growth for a special 
purpose. It would be erroneous to suppose that this exuberant growth in a particular direction was a mere chance 
growth, or that it was due to environment or desire on the part of the reptile. Like other and similar growths 
and structures which are called upon to discharge particular functions, it is fundamental, and formed part of the 
original animal. 

If it were destroyed, the life of the pterodactyl would be threatened, as its power of securing food would be 
rendered more than precarious, its limbs, hands, and feet being so trammelled and fixed as to be useless for the 
purpose of land travel. 

§ 450. The Wings of Pterodactyls are triangular in Shape, elastic, carefully graduated Organs formed 
on a Common Type. 

The pterodactyls, like insects, birds, and bats, are to be regarded as special creations. They conform to all 
the requirements of aerial navigation, that is, their wings are very large as compared with their bodies ; they are 
triangular in shape, and concavo-convex ; they taper from their roots towards their tips where they are thinnest ; 
they also taper from the anterior margins formed by semi-rigid bones in the direction of the posterior margins 
formed by membrane alone ; they are mobile and elastic throughout, and admit of being flexed or folded during 
the up stroke, and stretched out or extended during the down stroke. 

§ 451. The Wings of Pterodactyls, Bats, and Insects supply good Models for Winged Flying-machines. 

It is difficult to realise the rate of speed attained by the largest flying reptiles. A pterodactyl, with a stretch 
of wing of 18 feet, must have flown at a phenomenal pace. In some respects the pterodactyls form the best models 
for flying-machines. Their wings, supported by the arms, greatly elongated fifth fingers, legs, and more or less 
elongated flexible tail, resemble beautiful triangular kites, and display a comparatively very large sustaining surface, 
disposed in the most economic and effective way. As the elevating and propelling parts of the wing are blended 
with the parachute or sustaining parts, all the advantages possible in flying wings are secured. 

The pterodactyls, as explained, belong to the Mesozoic period. They are found in the lithographic limestone 
of Solenhofen, Bavaria ; the fine mud from which this limestone is originally produced supplying the delicate 
medium necessary to preserve the thin and consequently perishable flying membrane. Fortunately this mud has 
been the means of preserving other delicate structures and substances, such as the wings of insects, the bodies of 
jelly-fishes, &c. 

The pterodactyls have been found in considerable numbers, and almost all the large museums possess speci- 
mens. The Natural History Department of our own British Museum has been fortunate in this respect, and I 
have examined with great interest its largest specimen, which (as I have already indicated) has an expanse of wing 
of 18 feet. It is, from every point of view, a striking and impressive object, as it demonstrates that wings 
may, in all probability, be indefinitely increased in size, and made to carry great weights. The wing of the 
gnat and that of the pterodactyl are, as regards area, separated by an immense gulf, yet perfect flight can 
be attained by both. 
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EXTINCT PLANTS AND ANIMALS, THEIR PECULIARITIES, LARGE SIZE, 

RELATIONS TO THE YOUNG EARTH, &c. 

There is a great consensus of opinion, especially amongst physicists and mathematicians, that our planet, both 
during its formation and since it assumed its present spherical shape, has imdergone extraordinary changes. 

At first it was without form and void, and consisted of diffuse nebulous matter in a highly inflammable con- 
dition. The same is to be said of the other heavenly bodies which were being formed at the same time and which 
constitute our universe.^ 

The earth is part of a S3^tem of which the sim is the centre. The nebulous material from which it, and the 
heavenly bodies generally, were built up was made to run together and coalesce in certain localities ; or centres of 
attraction were formed in certain spots which drew the nebulous substance in varying degrees to certain regions 
where differentiation was going on. In all this, attraction and repulsion, cohesion and adhesion, condensation and 
rarefaction, and various other phj^ical forces took part. The aggregation of the nebulous matter formed what were 
virtually nuclei on a grand scale. Complicated movements and quite a phenomenal degree of heat were engendered. 
The original aggregations of nebulous material, the formation of cosmic nuclei, and the mutual attractions exerted 
by the finer and the grosser bodies, produced movements of various kinds. The chief movements were due to 
attraction, and the earth as a huge magnet attracted and influenced all lesser bodies in its vicinity, and was itself 
attracted and influenced by greater bodies outside of itself, especially the sun. The earth, when once formed and 
in motion, rotated on its axis every twenty-four hours, and produced the phenomena of day and night. It also 
careered round the sun, following an elliptical course, once a year or every 365 days, and produced the no less striking 
phenomena of the seasons. The importance of day and night and the seasons to plants and animals cannot be over- 
estimated. They insure the necessary degree of activity and repose and the varying amount of heat and moisture 
required for both. 

What chiefly concern us in the present instance are the movements, the heat, and the moisture. All three are 
connected with the production of climate, and climate had much to do with the production of life, and with the great 
extinct races of plants and animals. 

At the dawn of creation, the earth was too hot to admit of the presence of moisture in any form. There were 
no seas, lakes, or rivers. There was, moreover, no atmosphere in the ordinary sense. Water and an atmosphere 
had to be created before our globe was a fit habitation for living things, whether plants or animals. After pro- 
digious lapses of time the cooling process had reached a point where water, moisture, and an atmosphere were 
possible. The atmosphere was warm, steamy, and surcharged with carbonic acid ; conditions which favoured, in 
an eminent degree, a rank, luxuriant vegetation such as prevailed in early geologic times. 

Creation was a progressive work — each stage of the process preparing the way for subsequent stages. The 
Creator from the outset aimed at producing a perfect whole, and every part was made to fit and dovetail into other 
parts especially constructed to receive them. Design was writ large at every step. Nothing occurred in a haphazard 
way or by chance. Law and order everjrwhere prevailed, and regulated the composition, size, shape, and movements 
of the smallest and largest bodies. Nothing clashed, and elaborate preparations were made for the advent of plants 
and animaLs, and especially man, on the earth. 

The successive stages of the creation of our planet and its inhabitants can readily be traced. The earth had not 
only to be made, it had also to be cooled down before the work of creation could be proceeded with. The time 

* The nebulous matter, whatever ita consistence, cannot he regarded as fundamentally sinqile in composition. It has in it in some fonn 
(actual or |M)tential) all the elements of the young eai*th and the other heavenly Ixxlies. It is necessary to be quite clear upon this point, as 
certain physicist^) and ]>hysioIogist8, of late years, liave done their utmost to create the impression that the inorganic and organic kingdoms are 
produced from a j>erfectly simple matrix identical in all its parts and mrticles. If this were true, it would follow that the seventy odd elements 
c<)m]K)8ing the earth could have no existence, and ]ihints and animals which ai*e known to differ fundamentally from each other w^ould W an 
imiK>8sibility. Vnmx a substance al>solutely identical in ultimate composition only one body (dead or living is immaterial) can be pnxiuce«i. A 
mixtuiv, however intimate and jH»rfe<"t it may l>c. consists of jwirts. and these i»arts are never precisely alike. These remarks appU* to gases, fluids, 
semi-solids, and solids. The atmasi»here and water, although popularly considertnl sim]>le, ai-e not really so. The same is true of molten ami 
kindred masses, liowever high their temiiemtures. Pnx)fs of tliese })oiuts in the inorgjiiiic kingdom are to W obtained by chemical analysis anJ 
by the emi)loyment of the sjiectroscojie and microscop«\ In the organic kingdom the pnM)fs are less direct, but equally convincing. Plants and 
animals only ivpnxluce themselves ; a tish doi\s not prmluce a reptile, a reptile a bird, or a bird a mammal, neither do plants produce animals 
nor animals plants ; all which goes to show that the i-epnxUictivc dements of plants aud animals, although aj^Mirently simple and identical, are 
highly complex. an<l ditfer widely from each other. In other W(»nls, the dillerentiation which is such a marked feature of plants and animals i> 
providttl for I |M)tentially or otherwiseHn the sexual elements thcmselvts. They can only develop on lines laid down for them from the first. 
Similar remarks apply to the heavenly l>4xlies. If these differ in constitution it is berause due jirovision was made for their so doing from tin* 
outset. Those who maintain that the inorganic an<l organic formative matter is simple ai*e obliged to admit the existence of a directing Power 
iH'hind and beyond the formative matter which is highly complex in its operations and in no sense simple. 

The comjK»sition. shapes, sizes, and movemi'uts of plants and animals and oi' tlic heavenly IxmUcs are equally the outcome of design and of 
«. irHuenil 111 an. 
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occupied by the cooling process was incredibly great — so great that the imagination utterly fails to realise it even 
partially. 

The creative preliminaries over, the soil (the product of the dry land) was next prepared to receive plants. In 
them life, the crowning event of creation, first made its appearance. Plants form the natural food of animals, and 
when they were established upon the earth the pabulum of animals was assured. Animals cannot live directly upon 
inorganic matter. Inorganic substances must be reduced and prepared by plants before they can be appropriated 
as food by animals. The pre-existence of plants was necessary to the advent and continued existence of animals. 

Animals were created subsequently to plants, and gradually overran the whole earth. The last animal to be 
formed was man, and he is the avowed master of everything that lives. 

The plants and animals created were typical, and the seed of each was in itself, and produced only ite own kind. 
Plants and animals were also created in an ascending series and formed types — the higher animals being the last 
to be produced. 

The plants and animals were created for special periods and for special regions ; those of early primeval times 
essentially differed from those of modem times. The primeval plants differed from modern ones as regards size and 
type and their extraordinary growth and profusion ; and the primeval animals differed from their modern congeners 
in their bizarre shapes and their proverbially large size. The condition of the earth and the atmosphere in the 
infinitely remote past quite accounted for the peculiarities referred to. The warm earth and its steamy hot atmos- 
phere abounding in carbonic acid were admirably adapted to the production of a rich, rank, superabimdant vegeta- 
tion. The presence of such a vegetation in turn favoured the production of a giant race of animals. 

It is the early plants and animals, long since extinct and now known as fossil, that I propose to discuss very 
shortly in the present connection. 

While the extinct plants were larger as a whole than modem ones, none of them could compare in size with the 
modem Sequoia (S, gigantea)} Similarly, the run of extinct animals was larger than that of modem animals, 
although none, the great fossil shark (Carcharodon megalodon) perhaps excepted, approached in size the largest 
modern whales.^ 

The great races of plants and animals came unheralded, and, with the exception of the fossil remains of some 
of them, have passed away unrecorded. They had no known ancestors and they have, for the most part, left no 
recognisable progeny. It is important to be quite clear on this point, as " evolutionists," and those who advocate the 
origin of species by means of " natural selection," claim continuity in plants and animals which does not exist. 
The breaches in continuity cannot be bridged over ; the missing links have never been, and there are good grounds 
for believing never will be, found. This one circumstance vitiates and renders of none effect the many elaborate and 
ambitious tables of descent which take for granted that every living thing sprang from one or from a very few conmion 
ancestors. If whole cycles of great plants and animals can come and go without, in many cases, even leaving a 
trail, it is vain to assert, in the absence of direct proof, that every plant and animal is manufactured out of some 
pre-existing plant and animal, or, as it is theoretically but confidently put, " evolved." 

The existence in time and space of distinct races of large plants and animals did not preclude the contem- 
poraneous existence of innumerable humble plants and animals, even to the lowest. These had their place in the 
great scheme of creation, just as the more advanced ones had, but there is nothing to show that the smaller forms 
of plants and animals were in any way connected with the production of the larger and more noble forms. Curiously 
enough, the lower forms in geologic time were,*in not a few instances, more complex, and occupied a higher platform, 
than do those of the present day. 

All that can certainly be said of the progression from lower to higher forms is that plants and animals are 
arranged in an ascending series as types. This, however, is a very different thing from asserting that man was 
manufactured by a process of evolution, by endless modifications in infinite time, from an oyster or even a much 
lower form. The sequence and gradation in creation bespeak intelligence and design on the part of the Creator, 
but do not prove the existence of evolution as a factor in creation. 

The most striking feature in the great races of plants and animals which have passed away is their wide dis- 
tribution on the earth's surface. They are found in the arctic, the temperate, and the torrid zones, and indicate that 
the plants and animals have changed less themselves than the climates which characterise the march of the ages. In 

* The Sequoia gigantfut is the largest of modern trees. It is found only on the western %\o\ie of the Sierra Nevada mountains at an elevation 
of from 4000 to 6500 feet. It attains a height of 400 feet, or thereby, and has a girth of from 70 to 90 feet. One recently discovered had 
a base circumference of 109 feet. The tree is pyramidal -shaped, and the first branches occur about 100 feet from the ground. It is said to live to 
an enormous a^e, anything from 5000 to 8000 yeare. The last statement has to W received with caution, although partly confirmed by the 
nnmber of the nngs of growth. 

■ The three largest modern whales are the roroual (Ba/tt^twfttrra physaJu^)^ the right whale {Balttna inysticctus), and the sperm whale 
{Physeier macrocephahis). The firet is distinguished l>y its length the second by its great girth and the third by its huge head and the possession 
of teeth. The rorqual attains a length of 100 feet or so, and the sperm whale has, generally, a length of 80 feet. 

VOL. III. 2 P 
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other words, fossil remains of plants and animals are found in arctic and temperate zones which must have had a tropical 
origin, while plants and animals are found in tropical regions which must have had an arctic or temperate origin. 

This much may be predicated with certainty. If separate creations of one or a very few typical plants and 
animals are admitted in past geologic time (and they cannot well be denied) there is no reason why separate creations 
may not occur at any period in the world's history. Many advanced thinkers hold firmly to this view. If creation 
be regarded as a progressive, rather than a finished work, the breaches in continuity and the absence of " missini 
links " in plants and animals would be set at rest once and for all. 

The evolutionists ignore or forget the fact that advanced races of plants and animals occasionally disappear, 
and are followed by races of inferior plants and animals. This is not evolutionary advance, but retrc^ression. Thev 
also forget that there are parasitic plants and animals which, instead of advancing, deteriorate. These also furnish 
examples of retrogression. 

They further overlook the circumstance that even in the highest animals the impregnated reproductive cells 
liquefy, fuse, and break up into elementary molecules and atoms ; in other words, retrogress before they take final 
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shape in specific directions to form particular animals. Lastly, they fail to realise that development in itt 
several forms is not one continuous growth, but growth suppressed or retarded in one direction, and quickened and 
encouraged in another, and, it may be, opposite direction. The hands of the clock do not always move in the 
forward direction. They are sometimes stopped, and sometimes even set back, but everything is done under super- 
vision and under law and order when the final result is taken into account. We have examples of this in the curiousk 
modified foot of the horse, the wing of the bird, and the wing of the bat and pterodactyl. It is this variety trf 
growth, stasis, retrogression, and partial or complete absorption of parts already formed which ^ves rise to the 
so-called vestiges or remnants in animals on which evolutionists place so much reliance, as proving tbe accuracy of 
their favourite doctrine. 

It should be stated in this connection, that in the development of the higher animals in utero, several associated 
parts are growing simultaneously, other parts growing separately and independently ; while others have ceased to 
grow, or are actually retrogressing and undergoing active absorption. We have thus five conditions in the develop 
ment of the foetus ; {«) active and simultaneous growth ; (h) seiwrate growth ; (c) stasis of growth ; {d) retrogresaioD 
and disintegration ; (f) absorption and disappearance of jiarts already formed. There is not the steady uniform 
advance in the growing parts which evolution implies. There is, however, a state of things in which design and 
intelligence of the highest order can be clearly traced. The several parts of the yoimg animal are prepared in 
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advance of the time when they are called upon to act — structure preceding function — but function and structure 
being so accurately adjusted that all the parts not required are eliminated prior to or soon after birth. It is the 
adult or completed animal which represents the type, and not the young or growing animal. It is safe to conclude 
that the development of the young animal in tUero affords no proof of evolution. 



§ 452. Extinct Plants— their Unusual Appearance, &c., as compared with Modem Plants. 

The great extinct races of plants and animals may be left to tell their own tales. 

The plants fall first to be considered. Sir W. Dawson in his " Geological History of Plants '* has furnished a 
table which gives in a succinct and instructive form a list of the great extinct plants, the approximate time of their 
appearance and disappearance, and the period at which they attained their greatest development or zenith. I 
append the table in question (p. 1298). 

A glance at the above table shows that the extinct fossil plants had a beginning when they were few in number, 
a period of increase, a period of decrease, and a period of decay and disappearance. 

Sir William gives another table in which the animals contemporaneous with the plants are set forth, and which 
likewise is of great value. It is, in a sense, supplemental to the table dealing with plants, and is given below. 



Animals. 



Systems of Formations. 



Ago of Man and Mammalia 



Age of Reptiles 



o 



o 

S ^ 



Modern 

Pleistocene 

Pliocene 

Miocene 

Eocene 



Cretaceous . 

Jurassic 

Triassic 



Age of Amphibians and Fishes 
Age of Invertebrates . 



o 

11 



Age of Protozoa . 




Permian 
Carboniferous 
Brian . 
Silurian 
Ordovician . 
Cambrian 
, Huronian (Upper) 



Huronian (Lower) 
Upper Laurentian 
Middle Laurentian 
Lower Laurentian 



• J 



Plants. 



Angiosperms and Palms 
dominant. 



Cycads and Pines dominant. 



Acrogens and Gymnosperms 
domimint. 



Protogens and Algje 



A study of the second, and, in a way, the more comprehensive table, shows that the several orders of animals 
lived at those precise periods when their peculiar kind of food was most abundant ; the great races of animals being 
contemporaneous with the great races of plants. All this bespeaks intelligence and design in the past, which cannot 
be ignored or set aside by any mechanical theory of the origin of the universe, however plausible. 

The tables given above are supposed to cover a period of 2(X),(XX) years, provided the modem period covers 
10,000 years, and is taken as a standard for the other periods. 

It is exceedingly difficult even approximately to estimate geologic time. In Dana's opinion *' the time ratios 
for the first three great ages may be as one for the Cainozoic to three for the Mesozoic and twelve for the PalsBozoic.'* 
According to Hall and Houghton the ratios are : Azoic, 34*3 per cent ; Palaeozoic, 42*5 per cent ; Mesozoic and 
Cainozoic, 23*2 per cent. The modem period is regarded as much shorter than the others of the Cainozoic, from 
which it follows that the tables may have to be measured by millions of years instead of thousands. 

The geologic periods of greatest interest as far as the great plants and animals are concerned are the Palaeozoic, 
Mesozoic, and Cainozoic — the first including Acrogens and Gymnosperms among plants, and the amphibians and 
fishes among animals ; the second embracing the Cycads and Pines among plants, and the reptiles among animals ; 
and the third, and most modern, containing the Angiosperms and Palms among plants, and the mammals and man 
among animals. 
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** In the PalfiBozoic age, the club-mosses, ferns, and horse-taik engrossed the world, and grew to sizes and 
attained degrees of complexity of structure not known in modem times." 

The fishes in the Palsdozoic period in some cases attained enormous dimensions. 

The great extinct Miocene shark (Carcharodon megalodon) was believed to be 100 feet in length. This conclusion 
has been arrived at by a comparison of the teeth of the extinct form with those of the largest living sharks. These 
great teeth, found in admirable preservation in Suffolk, England ; in Maryland, United States of America, and in 
Malta, are three times as large as those of the biggest living sharks. 

Professor Sir E. Ray I^nkester ^ has given a photograph of the jaws of one of the largest of recent sharks 
{Carcharodon rofid^letii), 30 feet long, with the teeth in sitUy as preserved in the Natural History Department 
of the British Museum, London, from which it appears that the teeth of the extinct monster (Carcharodon megalodon) 
are, as nearly as may be, three times the size of the Carcharodon rondeletii. 

The fossil shark teeth are 6 inches in length ; those of the Museum specimen only 2 inches. As the gape 
of the jaws of the modern shark is 2 feet, that of the great extinct shark must have been 6 feet. It is difficult 
to realise, even in imagination, a shark with a gape of 6 feet {vide Fig. 540). 

Mixed up with the teeth of the great extinct shark are numerous examples of the strange spiral structures 

known as coprolites, which long remained a puzzle to 
palaBontologiste. The coprolites are, in reality, the excreta 
of the shark, and indicate that the extinct forms, like the 
modem ones, had a spiral intestine. They are found, on 
microscopic examination and analysis, to consist largely 
of partially digested fish bones and debris, especially the 
former. 

Other examples of fossil spiral formations are not un- 
common. Magnificent examples of spiral structures are 
seen in the nautilus, the anmionites (some of which latter 
have a diameter of 5 feet), and other shell fish. They 
also occur in the tusks and limbs of the manmioth, 
American mastodon, and other large extinct animals. 

Similar remarks are to be made of extinct plants. In 
these there are spiral cells, spiral seeds and fruit, spiral 
fronds, spiral roots, spiral branches, spiral arrangements of 
leaves, markings, &c., all which go to prove that while the 
extinct plants and animals, in many cases, markedly differ 

riu. 540- rhotojjmnh o( t lie jaws ol a large ret-eiit shark (t\ir- • ... i , j • i xi. £_ j >l i i- 

rhariHiou nm^frfrthx siiowiiijjr tlie teetli (<?, a'\ At b. 6' is plaeed a ^^^1 cxistuig plants and ammals, the fundamental lines 
single twtli of the gnat extinct Miot^ene shark (rarrAan>,Um meiftifo- qu which they are built up have uot materiallv altered. 

(/(»m) for eoiu)iarisim. The largi^st of the reivnt teeth is 2 inches in -,, ., j. t - ji-* i j 

length, the fossil twth are tJ inches in length vafier Lankester). Ihe Spiral arrangements of extmct and living plants and 

animals show this pretty conclusively. 

Sir J. William Dawson makes the following general statement regarding the order and succession of plants on 
the earth : " There is a certain rough corresjwndence between the order of rank of plants and the order of their 
apjH^araniH* in time. The oldest plants that we certainly know are algae, and with these there are plants apparently 
with the structures of thalloph^'tes but the habit of trees, and which, for want of a better name, I may call Protoqens. 
Plants akin to the rhizoearps also appear very early. Next in order we find forests in which gigantic ferns and 
hTojXHls and horse-tails predominate, and are associated with pines. Succeeding these we have a reign of 
g)nnno8{x^rms, and in the later formations we find the higher phsenogams dominant. Thus there is an advance in 
elevation and complexity along with the ad\-ance in geological time, but connected with the remarkable fact that in 
earlier tinu^ low gnnijis attain to an ele\-ation unexampled in later times, when their places are occupied with plants 
of higher ty[x\'' " 

lVrha|v^ the nu^st interesting jieritxl of extinct fossil plant* is that connected with the formation of graphite, 
aiithraoito, and oivil. 

(irapliito or pluinl^go vxvur^ in the l^urentian agi\ aiul in later agi^s we have dejK»sits of coal due to the accumu- 
lation aiul slow putrx^faction i>f masses of vegi^table mat tor. Furthor. it has btvn found that where the coal forma- 
tions havo Ihvu ox|Hv«it\l to igneous action, the civil is coiiverttHl into anthracite and graphite, and the bituminous 
shales into gn\phitc shales, 

•* When Palavroic land-plants have Kvn convorttnl into graphite, they somotinios [perfectly retain their structure. 




Kwv : A' \";.»\ '■ 'i*'-:". : :>. ::'^; >•'". K^v. ii»j, \\*': » 



* Op. cit. \\. 7 
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Mineral charcoal, with structure, exists in the graphitic coal of Rhode bland. The fronds of ferns, with their minutest 
veins perfect, are preserved in the Devonian shales of St. John, in the state of graphite ; and in the same formation 
there are trunks of Conifers (Dadoxylon ouangondianum) in which the material of the cell-walls has been converted 
into graphite, while their cavities have been filled with calcareous spar and quartz, the finest structures being pre- 
served quite as well as in comparatively unaltered specimens from the coal -formation." 

Sir J. W. Dawson introduces us to the plants of the coal formation in the following picturesque passages : — 
" Ascending from the Erian to the Carboniferous system, so called because it contains the greatest deposits of 
anthracite and bituminous coal, we are still within the limits of the Palieozoic period. We are still within the reign 
of the gigantic club-mosses, cordait«s, and taxine pines. At the close of the Erian, there had been over the whole 




Fio. &41. — Lepidodendron romtgatum, a tree charBcteristic of the Loirer Carboniferous period (DaWHon). 
Fiu. M'i.— SigUlariit, restored. To left, iHgilhirui hroirnii. To right, SigitlaHa eUgcJH (Dawson). 
Fio. 543. — Lepidnphioioe acailianim, a lepidodendroid tree of the coal-forinatiun (Dawson). 



northern hemisphere great changes of level, accompanied by active volcanic phenomena, and under these influences 
the land flora seems to have much diminished. At length all the old Erian species had become extinct, and their 
place was supplied by a meagre group of lycopods. fems, and pines of different species from those of the preceding 
Erian. This is the flora of the Lower Carboniferous series. But the land again subsided, and the period of the 
marine limestone of the Lower Carboniferous was introduced. In this the older flora disappeared, and when the 
land emerged we find it covered with the rich flora of the coal-formation proper, in which the great tribes of the 
lycopods and cordaites attained their maxima, and the ferns were continued as before, though under new generic and 
specific forms. There is something very striking in this succession of a new plant world without any material 
advance. 

" Conveying ourselves, then, in imagination forward to the time when our greatest accumulations of coal were 
formed, and fancying that we are introduced to the American or European continent of that period, we find our- 
selves in a new and strange world. In the Devonian age, and even in the succeeding Lower Carboniferous, there 
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was in the interior of America a wide inland sea, with forest belts clinging to its sides or clothing its islands. But 
in the coal period this inland sea had given place to vast swampy flats, which, instead of the oil-bearing shales 
of the Brian, were destined to produce those inmiense and widespread accumulations of vegetable matter which 
constitute our present beds of bituminous and anthracite coal. The atmosphere of these great swamps is moist and 
warm. Their vegetation is most exuberant, but of forms unfamiliar to modem eyes, and they swarm with insects, 
millepedes, and scorpions, and with batrachian reptiles large and small, among which we look in vain for repre- 
sentatives of the birds and beasts of the present day. 

" Prominent among the more gigantic trees of these swampy forests are those known to us BASigiOarim (Kg. 542). 
They have tall, pillar-like trunks, often several feet in diameter, ribbed like fluted columns, but in the reverse way, 
and spreading at the top into a few thick branches, which are clothed with long, grass-like leaves. They resemble 
in some respects the Lepidodendra of the Erian age, but are more massive, with ribbed instead of scaly trunks, and 
longer leaves. If we approach one of them more closely, we are struck with the regular ribs of its trunk, dotted with 
rows of scars of fallen leaves, from which it receives its name SigiUaria^ or seal-tree. If we cut into its stem, we 
find that, instead of the thin bark and firm wood with which we are familiar in our modem trees, it has a hard 
external rind, then a great thickness of cellular matter with rope-like bands of fibres, constituting an inner bark, while 
in the centre is a firm, woody axis of comparatively small diameter, and somewhat intermediate in its structure 
between that of the Lepidodendra and those of the cycads and the taxine conifers. Thus a great stem, five feet in 
diameter, may consist principally of cellular and bast fibres with very little true woody matter. The lOotB of this 
tree are perhaps its most singular feature. They usually start from the stem in four main branches, then regularly 
bifurcate several times, and then run out into great cylindrical cables, running for a long distance, and evidently 
intended to anchor the plant firmly in a soft and oozy soil. They were furnished with long, cylindrical rootlets, 
placed regularly in a spiral manner, and so articulated that when they dropped oil they left regular rounded scan. 
They are, in short, the stigmarue, which we have already met with in the Erian." 

As illustrating the points indicated I append figures of SigiUariaf (broumii and elegans)^ Lepidoiendron 
corrugatum, and Lejndophloios acadianus, prominent trees of the coal formations. To these have to be added 
large numbers of splendid ferns, horse-tails {Catamites) and other plants, and an inconceivable quantity of spores, 
spore cases, fruits, &c. 

The trees referred to markedly differ from existing trees, and belong to a previous order of things in which 
modern vegetation can scarcely be said to take a part. 

The value of coal and of iron, usually associated with it, to civilised man cannot be over estimated. This 
remarkable substance, when ignited, gives out heat and light and power, and cheers and brightens countless millions 
of homes on all parts of the earth's surface. It restores the warmth and light which it abstracted through the plant 
from the sun and the atmosphere in the far-off Palaeozoic age. It is an untold blessing to modem man, but it was 
also, during its formation, the means of making contemporary animals comfortable, by depleting the atmosphere of 
its excess of poisonous carbonic acid which might have proved fatal to them. In its advent and dissolution by 
burning it has been an unmixed good, and many are disposed to see in it one of the crowning examples of design on 
the part of the Creator in His beneficent treatment of man. 

Nor does the matter end here. The indulgence of the Creator to unborn man will not terminate with the 
exhaustion of the much prized coal. So long as the sim and the earth, and the waters of the earth, and the clouds 
and the atmosphere endure, so long will the creature comforts of the race be assured. Already electricity, the 
product of the waterfalls and tides and moving air, is coming to the front, and with it a new and apparently endless 
supply of heat, light, and power. The possibilities of electricity cannot be even approximately estimated. It 
promises to become the universal power of the future — ^a power which can warm the home, supply heat for cookery, 
convey a message, drive a car, propel a boat, and actuate anything and everything in the shape of machinery. 

It may be interesting and instructive if I here give characteristic representations of the several geologic periods 
and their extinct flora. This is done in Plate clxxviii. 



PLATE CLXXVIII 

Flo. 1. — Silurian vogetatioii restored. Protanmduria^ Utrinjuia, Nemntophytoiiy SphenopJufllttmf Artkrosttgnia, PsilopkyUm, 

Fig. 2. — Vegetation of the Devonian period, restored. Calaviiles, Pdlophyton^ Leptophlcam^ LepidixUfidron, CordaUe$^ SigiUarw, 

Viufo.njlon, A HttrajthijUiteSj VlatyphyUum. 

Fi<;. 3.- -Jurassic vegetation. Cycads and pines (after Saporta). 

Fici. 4. — Vegetation of tlie Later Cretaceous. Exogens and palms (after Saporta). 
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It will have been observed that animals appeared on the earth soon after the plants, and since the formation 
of the plants and animals they have been closely associated. Plants purify the air for animals and form their 
food. There are, however, among animals carnivora or flesh feeders, which kill and eat each other. I mention 
this circumstance because when we come to speak of the great extinct reptiles and mammals we shall find not only 
herbivora or plant feeders, but also carnivora or flesh feeders. In the geologic period, long before the advent of 
man on the earth, death was a prominent factor in the great scheme of life. The herbivora or plant feeders kill 
plants for food in the same sense that the carnivora kill animals for food. 

It is well to recognise the fact that the death of plants and animals is a necessity in the great round of existence, 
and is, in no way, the product of sin. In these remarks I, of course, speak of physical death and not of spirituftl 
or moral death, which falls under quite another category. The former applies to plants and animals ; the latter 
to man, and man only. 

In addition to the herbivora and carnivora, there are the onuiivora or mixed feeders, which live upon plants 
and animals alike. 

The countless millions of spores, seeds, fruits, and young animals in excess of those required to keep up the 
original stock go directly to the maintenance of animals, whether carnivora or onuiivora. The natural death, 
and inevitable decay after death of animals, in due course contribute to the nourishment of plants. There is 
a ceaseless round of death and life in the physical universe, and this state of things has always prevailed, and 
prevails now. 

When I speak of the great extinct races of plants and animals I do not mean to assert that there are no gre^t 
plants and animals in the present day. That would be misleading. All I wish to convey is that in certain geologic 
epochs the size of the majority or common run of plants and animals was decidedly larger than in modem times. 

Recent fish cannot match the great extinct sharks, and recent reptiles are dwarfed by the huge fossil reptile, the 
Atlantosaurus, the thigh-bone of which measured over six feet in length ; the animal itself being a third bigger 
than the largest elephant. In like manner no modem bird comes near the size of the extinct Phororachus, or the 
great extinct moa, the thigh-bone of which is much larger and stronger than the thigh-bone of a horse. Neither can 
our largest living quadruped, the modem elephant, be pitted as to size against the mammoth and mastodon. 
Similarly, the modern bat is rendered insignificant by the huge extinct flying reptile — the pterodactyl — with a 
stretch of wing of twenty or more feet. 

In dealing shortly with the great extinct fishes, reptiles, birds, and mammals it is not necessary to do more than 
mention the existence in geologic time of a large number of small animals and humble animal forms. It is sufficient 
to state that the lower animal forms then (as now) could be counted by thousands and probably by millions. At 
no period in the history of our globe, from the time it became habitable, were they excluded. The presence and 
predominance of the great fauna did not militate against the presence of the lesser faima. Both were necessary 
to the original scheme of creation. 

It will be convenient to take up the great extinct animals in the following order, namely, the fishes, fish- 
reptiles, reptiles, birds, and mammals. 

The primeval fishes presented all kinds of curious forms. They were, in many cases, armoured — ^their scales 
being very thick and presenting tHe apptorance of a coat of mail. Their fins were also peculiar — ^the tail fin being 
generally more or less unsynmietrical or heterocercal. Their habits must have been sluggish and their power of 
swimming limited as compared with modern fishes. I give a representation of three of them at Plate civ. Fig. (>. 
A, B, C, p. 1166. 

I also give a figure of one of the sharks. This fish is remarkable for its enormous fins and powerful hetero- 
cercal tail. It is a veritable greyhound of the ocean. Its huge fins cause it to resemble a ship in full sail (Plate civ., 
Fig. 1, p. 1166). 

The extinct fish-reptiles are represented by the Plesiosaurus and Ichthyosaurus. I give descriptions and de- 
lineations of careful original restorations of these at Figs. 361 to 366 inclusive, pp. 1108 and 1109 ; also at 
Plates clxiii. and clxiv., pp. 1187 and 1189. 

§ 453. Gigantic Extinct Reptiles and Birds. 

The extinct reptiles deserve a more than passing notice alike because of their antiquity, great size, bizarre shapes, 
numbers, and wide distribution. Their remains have been found in Euro|>e, Africa, India, America, and Australia. 
They were the chief representatives of life during the Tr lassie and Jurassic ages, and were mainly herbivorous, and 
fed on the succulent stems, shoots, branches, leaves and roots of the most abundant and richest vegetation the world 
has yet seen. 
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Acoording to Dr. Mantel! the localities inhabited by the DinoBaurs were rich in conifers, ferns, cycads, palms, 
and horse-tails and similar plants of large size, which grew in great profusion. 

The oamivoTOus reptiles, of which there were several, found in the herbivorous reptiles, and in contemporary 
animals, a practically unlimited supply of flesh food. The prevalence of a superabundant vegetation in part accounts 
for the exoeesive growth and colossal size of the herbivorous reptiles, and the great numbers and size of the latter 
largely explain the enormous dimensions of the carnivorous reptiles. The extinct herbivorous and carnivorous 
reptiles were characterised by small beads and brains, long, flexible, powerful necks, huge tapering tails, small anterior 
and la^, singularly well developed posterior extremities (Fig. 544, Scelidosaurus Airmoni). They inhabited, 
for the most part, deep valleys through which flowed sluggish streams with soft mud banks ; also marshy flats 
abounding with lagoons. They preferred oozy, moist localities covered with tall rank grasses, reeds and trees, chiefly 




Fio. 544— An 



ferns, in which they could conceal themselves and feed securely. They were, as a rule, lazy, luxurious animals, and 
spent the greater part of their time in eating and sleeping — two prime requisites for an excessive growth of soft and 
hard tissue. They revelled in a plentiful supply of moisture, and there are good grounds for believing that they 
spent a considerable portion of their lives actually in the water. The possession of a long, flexible neck, and of a 
huge and no doubt powerful swimming tail, favours this belief. Their long, mobile necks would enable them to grub 
up juicy aqueous plants from the bottom of the rivers, lagoons, &c., with dexterity and ease. Indeed the inordinate 
length of the neck and tail can only be adequately accounted for on the supposition that they led a semi-aquatic 
existence. The long neck and tail were better adapted for an aquatic than a terrestrial life. That they took refuge 
in the water when pursued by enemies can scarcely be doubted. The long, ponderous tail was equally useful as a 
swimming oi^n, and as a supporting organ on marshy, treacherous mud flats. It naturally tent itself, in conjunction 
with the powerful hind limbs of the reptiles, to raise the body in a semi-erect position when they stretched their long 
necks and were browsing on the top branches of ferns and allied forms of vegetation. The feet of the reptiles were 
of themselves too small to afford adequate support on the oozy, spongy land they frequented. In the majority of 
cases, as indicated, the anterior feet and limbs were small and dwarfed as compared with the posterior feet and limbs 
VOL. m 2 Q 
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This had the effect of throwing the centre of gravity far back, and of keeping it low in the reptiles — a state of 
matters which was emphasised when they assumed the semi-erect position. Some of the reptiles occasionally walktd 
as bipeds, and carried the huge tail free of the ground. This required an unusual degree of exertion, and could onlj 
be indulged in for short periods. 

The modem crocodiles, lizards, and newts considerably resemble in general appearance the extinct reptiles, 
but in them the neck is short, the head large, and the anterior and posterior limbs pretty equally developed. The 
tail is long, but no provision is made for the animals assuming a semi-erect position. Moreover, the weight of the 
crocodile, listaid, and newt is trifling as compared with that of the ponderous extinct reptiles, some of which 
weighed as nmch as twenty tons. The marshy, yielding land would, without difficulty, support the smaller animals, 
but would liopeleBsly mire the gigantic reptiles. The long tails of the former would not be required to give support 

to the body; whereas in the latter they wonU 
be more or less indispensable. It is true that 
in the megatherium, or great extinct land sloth 
(Megatherium americanum. Fig. Mo), found 
in the Pleistocene gravels in S. America, and 
in the kangaroo (Mncropus major) and mar- 
supials generally, the tail is enormously de- 
veloped, but in these a distinct and special 
caudal function can be traced. In the mega- 
therium the tail and hind legs support the 
animal when cropping tall branches, leaves, 
fruits, tender bark, &c. In the kangaroo and 
its congeners the tail and hind legs aflord 
support and a powerful ]e.aping apparatus. 

It is impossible to adapt the great extinct 
reptiles to any modem scheme of classification. 
They are typical animals, confined to particular 
periods of the earth's history, namely, the 
Triassic and the Jurassic. 

Some zoologists have endeavoured to show 
that they are descendants of the crocodiles on 
the one hand, and the progenitors of the birds 
on the other. They base their theories on the 
stracture of the hones, which are light, spong)'. 
and contain air instead of marrow, unless in 
the case of some of the long bones. The 
hollow bones are a feature of the extinct 
reptiles, and of modem crocodiles and birds. 
They also trace resemblances in the pelw 
bones, the claws of the anterior and posterior 
extremities, the presence of teeth, the la ring 
of eggs, the length of the necks and tails, &c. 
The distinctions in question are not constant or valid. The crocodiles have large heads, biggish brains, short 
necks, and long tails. They are never herbivorous. Their fore and hind legs are pretty equally developed. The 
birds have sometimes solid bones, and are provided with feathers which form a special and characteristic covering 
for the bwiy : they veri- rarely possess teeth : they have in many instances, but not always, long necks ; tbeit 
tails, as a ruU'. being short. Above all. they are warni-bloiKled, and have hearts consisting of foiu- cavities; 
ptfuliaritics which p't rid of the mixei) circulation of reptiles and of cold-blooded animals generally. Professor 
Huxley t's|KH'inUy en^leavoured to connect the extinct reptiles or Dinosauis with the great running birds — the 
nu«. ostrich, Ac.^thn>uph their pelvic Ihuics and prently d('velo(>e(l posterior extremities. A representation of 
the »ki'let(Ui (if the luoa {Pinornis maxiiiiUK) is (jivt-n at Fii;. -"^li. p. ];M*7. In this figure the great height of the 
moa is contrasttnl with the niO(lem ostrich and with iii;in according to scale. This gigantic bird is found in the 
"alluvial" de]nisits of New Z«>alaud. He rt'ganled the Diiiosjiurs as the remote ancestois of birds. Professor 
Owen, on the other hand, considereti the rcseniblii rices as nccidental, aiul in no way implying relationship. Professor 
8eeley went further, und srivo it ns liis npiniou thiit the Oinnsimrs were not reptiles in the ordinary sense, and 
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that they formed a separate and independent order of animals. With this view I wholly agree. Professor Marsh 
separated the Dinosaurs from the reptiles in the matter of layii^ eggs. He combated the idea that the Dinosaurs 
did lay eggs, and was inclined to regard them as viviparous. The famous Baron Cuvier, the founder of the science 
of palteontology, associated the great extinct reptiles not with birds but with quadrupeds. He announced what 
was a startling view in his day, "that there was a period when our planet was inhabited by reptiles of appalling 




Fi«. 546.— Skeleton of the fjroat 



imximiu). 



magnitude witli many of the features of modem quadrupeds," and Dr. Maiitell 8i>eakB of a distinct age of 
reptiles ; ' the reptiles being the ruling class among animab. 

In one extinct bird, the Archxopterix siemensi (Fig. 547, p. 1308), found in the lithographic stone of Solenhoten, 
Bavaria, teeth, a long osseous tail, and feathers were present. This anomalous creature had also three fingeis, 
each terminating in a claw, and fairly perfect wings. Several birds of this primeval type have now been discovered. 
If the teeth, which may be regarded as integumentary appendages, be eliminated, the only peculiarities to be 
considered in classifying the archseopteryx are the long, osseous tail and the three -fingered, clawed wings. The 
archaeopteryx cannot be said to bear a striking resemblance to any form of reptik. As regards the long, osseous 
t«il it may be noted that some of the extinct flying reptiles (pterodactyls) were provided with long tails {Rhampho- 
rhynchus and Dimorphodon) and others with short tails [Pterodactylm). The same is true of the bats. The tail in 
flying creatures becomes a negligible quantity as a basis for classification. 

Instead of regarding the great extinct reptiles as connecting links in the chain of descent, it is better to regard 
them, with Seeley, as independent types consisting of several distinct orders or families, and confined to a particular 
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period of time. They were intermediate types, biit they had no ancestors in the ordinary evolutionary sense, 
neither have they left any direct or recognisable descendants. They were created for a special geological era, and 
when that era passed away they disappeared. 

Professor Huxley as indicated did what he could to establish a connection between the extinct reptiles and the 
birds and to derive the latter from the former but his arguments on the subject are neither convincing nor con 
elusive Too much importance is attached to isolated and trifling peculiarities which may be variously explained 

Professor Sir E Ray Lankester ' when referring to the aichseopteryx writes as follows It cannot be ssid 
that this extinct bird goes far towards connectmg birds with reptiles but in the possession of separate claw 
bearing fingeTS a long bonv tail and teeth in the apparent want of a beak it does come nearer to bzard bke reptiles 

than does any other known bird 

The great extmct reptiles had as geologic 
contemporanee the huge so-called fish and ses 
hzards (Ichthyosaurus Plesioeaurus bx, ) (Figs 
361 to Jb6 inclusive also Plates clxiii and 
clxtv ) The great extinct mammals came 
later 

The history of the colossal extinct reptiles 
IS not so well known as it deserves to be It 
dates back only to the first half of last century 
To Dr Gideon A Mantell is due the great ment 
of first directing attention to the existence m 
geologic time of a great unknown race of 
animals as attested by finds of their teeth and 
fragments of their bones He encountered 
innumerable difficulties at the outset of his 
investigations in establishing the accuracy of 
his views as he had nothing wherewith to 
compare his fossils His operations were con- 
fined chiefly to England He had the good 
fortune to have Baron Cuvier Professor Owen 
and other distinguished palieontologiBts to con 
suit with but they could help httle and their 
explanations were often very wide of the mark 
By a lucky chance when dealing with the teeth 
of the extinct reptihan monsten he bad hu 
attention directed to the teeth of the iguans 
a comparatively small modem hzard (Fig 54i<) 
The dentition of the latter gave him the cue to 

the solution of the problem which had baffled 
Flii. .^47. — jt reiKoulerux aieiiieitsi. , ■ ■ n ,1 . , ■■ ■ ■■ . , , 

him and all those to whom it had been referred. 

He Found that the fossil teeth which had so long distracted him were in reality those of great reptiles, and 

he referred his several finds to the Dinosaurs, and to one in particular which he designated the iguanodon 

(Fig. 549), literally " iguana tooth." The iguana is a land lizard from three to five feet in length, which inhahiu 

several parte of America and the West Indies. It swallows its food whole, in which respect it diSers entirely 

from the iguanodon, which masticated it after the manner of modem herbivorous ma mmals, The iguanodon in tk 

matter of mastication cannot be regarded as a reptile pure and simple. "It is the power of perfect mastks- 

tion possessed by the iguanodon that is so strange, for it implies a most remarkable approach in extinct reptiles 

to characters possessed now only by herbivorous mammalia, such as horses, cows, deer, &c. From this and other 

strange characters seen in the Dinosaurs, we learn that they in their day played the part of our modem qiisd- 

rupeds, whether carnivorous or herbivorous, and showed a remarkable approach to the mammalian type, which 

of course is a much higher one." '^ 

Dr. Mantel) had unknowingly been chiefly engaged in building up and restoring what turned out to be the 

lesser iguanodon, which came ultimately to be known as Igu-tnodon nuinleUi, in honour of himself, the discoverer. 
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Dr. Hantell grouped his results in a Memoir communicated to the Royal Society of London. His descriptions 
and drawing were considered so important that the Society awarded him one of its gold medals. 

While Dr. Mantell succeeded in establishing the main features of the iguanodons there still remained a few 
obscure fioints. These were satisfactorily cleared up by the researches of Professor Huxley and Mr Hulke and 




Fig. 548.— Lower jaw of iKuana. 




549.— Skull of Ifiuanodor 



by the discovery in Belgium, in 1877, of entire skeletons of the great ignanodon {Igimtiodon bernissartensis) (Figs. 
554 and 555, pp. 1315, 1^16). Other workers besides Dr. Mantell were early in the field, notably Dr. Buckland, 
Professor Owen, Baron Cuvier, and Mr. Conybeare. 

The first iguanodon tooth was discovered in 1822 by Mrs. Mantell in the dfibris of certain strata in Tilgate Forest 




Pio. 550.— Hej^alosanrua. 

belonging to the Cretaceous period. Subsequently Dr. and Mrs. Mantell made an idVportant collection of the teeth 
and bones of the iguanodon and Dinosaurs generally. 

They were greatly assisted by discoveries made long afterwards by Mr. Bensted. This gentleman in 1834 
found in the Kentish Rag quarries of the lower Greensand at Maidstone a valuable coimected series of iguanodon 
bones, which he duly presented to Dr. Mantell. 

As early as 1824, Dr. Buckland described to the Geological Society of London certain remains of a strange 
and formidable reptile taken from the Umestone of Stonefield, near Woodstock, in the vicinity of Oxford. The 
remains consisted of part of a lower jaw with formidable teeth and fangs, a femur or thigh bone, several vertebrae, 
and a few ribs and other bones. Dr. Buckland gave the name of Megaloeaunis, or great lizard, to the unknown 
monster, and from the nature of the teeth concluded it was a carnivorous Dinosaur (Fig. 550). Professors 
Owen and Phillips entertained similar views. Dr. Mantell, as explained, had previously discovered the bones and 
teeth of the iguanodon and other Dinosaurs in the Wealden strata of Tilgate Forest. The remains of Megftloeaurus 
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were also found in Sherborne in Dorset ; in the Lias at Lyme Regis ; in the inferior Oolite near Bridport ; in 
the Great Oolite and marble beds at Enslow Bridge ; in the Oxford clay at Weymouth ; in the Coral Rag at 
Cowley ; and in the CoralUne Oolite at Malton, Yorkshire. The fossil remains were widely diffused in England, 
and have been rendered classic by the researches of Dr. Mantell, Dr. Buckland, Professors Owen and Phillips, and 
others. The Megalosaurus is now regarded as the typical carnivorous Dinosaur, as the iguanodon is regarded as the 
typical herbivorous Dinosaur. The bones of the Dinosaurs were, for the most part, hollow, to make them light 
as well as strong. It is not yet determined whether the Dinosaurs laid eggs or brought forth their young aUve. 
Professor Marsh, of Yale College, U.S.A., favours the latter belief. 

In 1836 Dr. Buckland in his Bridgewater Treatise referred to a large limb bone preserved in the Museum at 
Oxford. This bone was examined by Baron Cuvier, who regarded it as belonging to a whale. It was also examined 
(1838) by Professor Owen, who at first thought it might belong to the flipper or paddle of a whale, but subsequently 
came to the conclusion that it was a reptiUan bone, probably the bone of an extinct crocodile. Professor Phillips, 
who succeeded Dr. Buckland at Oxford, pronounced this and similar bones sent to Oxford as Dinosaurian in char- 
acter. In 1848 Dr. Buckland directed attention to another large limb bone (a femur or thigh-bone). It was 
4 feet 3 inches in length. This, Professor Owen referred to Ceteosaurus. Between the years 1868 and 1872 a large 
portion of the skeleton of a Ceteosaurus was discovered at Kirtlington Station, near Oxford. This find was carefully 
examined by Professors Owen and Phillips, and yielded important information. In this case the femur or thigh- 
bone measured 5 feet 4 inches. Other finds of the Ceteosaurus are to be recorded. Thus in the Kimmeridge 
Clay of Weymouth, a large humerus or arm-bone nearly 5 feet long was found. Vertebrse of this huge beast were 
obtained from the Wealden strata of Sussex, several counties in England, and the Isle of Wight. Professor Owen, 
with a knowledge of all the facts, came to the conclusion that the Ceteosaurus must have been from 35 to 36 feet 
in length. Yet another English Saurian, the Ornithopsis, is to be chronicled. It was found in the Wealden strata 
in the Isle of Wight, and was carefully examined by such competent observers as Mr. Hulke and Professor Seeley. 
Their conclusions regarding it were confirmed in a striking maimer by the discovery at a later period of Brontosaunis. 

The English finds of Dinosaurs, while admittedly very important, have been somewhat overshadowed of late 
years by the more numerous, larger, and better preserved finds on the flanks of the Rocky Mountains, North 
America, where entire skeletons of the largest Dinosaurs, such as Atlantosaurus, Diplodocus, and Brontosaunis have 
been recovered. Professor Marsh, of Yale College, U.S.A., has been the leading spirit in the search for and exhuma- 
tion of the extinct monsters referred to, and already over 200 specimens have been secured and fittingly housed in 
Yale College, the Carnegie Institute, Pittsburg, and other American museums. 

Professor Marsh has done much to popularise this important subject by a series of most instructive memoirs 
and papers, which should be in the hands of every one interested in palaeontology. Mention should also be made 
here of other American workers in this and similar fields, such as Leidy, Cope, Scott, and Osborn. 

It only remains to refer very briefly, and in a general way, to some of the more outstanding extinct reptiles, 
the eras in which they flourished, and to indicate where and under what circumstances they were found, their 
peculiarities, sizes, shapes, &c. 

The Theromorphs formed the oldest group. They flourished during the Triassic age, their remains being 
found in the Triassic sandstones and limestones of South Africa, India, Russia, Scotland, and parts of England. 
They immediately preceded the extinct order of the Dinosaurs, which belonged more strictly to the Jurassic age.^ 
The Theromorphs derived their name from certain portions of their skull, jaws, and teeth resembling similar 
parts in the Theria or mammals. They are supposed by some to have occupied among vertebrates common ground, 
where reptiles, mammals, and batrachians branched off. This, of course, is a mere conjecture, intended to support 
the theory of descent from one or a very few ancestors and centres. 

A good example of a Theromorph reptile is the Pariasaurus from Cape Colony, which had a short neck and 
tail, a round, jwnderous body, and measured 8 feet in length. It more resembled a mammal in general appearance 
than any form of ancient or modern reptile. It was about the size of a well-grown ox, but was low set, having 
four short, strong, equally develoj)ed legs. The Pariasaurus, there can be little doubt, was a herbivor or plant 
fetnler. This seems proved by its eonijmratively small teeth. 

A Hini^ sjHH*inien of the Pariasaurus, set up by Professor Seeley. is to be seen in the Natural History Depart- 
ment of the British Museum, lx>ndon. Quite a large number of these interesting reptiles in a more or less perfect 

^ rn»lVs«»«-»r Mai-^h. in xhv .im^rirun .A. ///•/*.#/ •■/ S^i'tt" i\>\ -huu- IM'J. tlr.sriil'is thr >ki Irtou tit" ft*rtuiii Triiissi<r Dinosaurs which an» deiHjsitc-^l 
in tilt' nnistinn «»t VaK- Collfiri'. T.S. A. It ho U* «Mirn'<l in hi> «'»»n«luNj..ns sonu' l>inosinn>. must havr nuule their apiiearance liefon.' the .lunLssic 
ai;^'. This vir>\ is fa>«>uiv«i hy tho UK»t|Minl> oi l>in«»s;iin> |\»unii on thi- siin«ls ami naul of ih»" sIhuto Utwit-u low aod high water marks during 
tho Tii.iNxit' ai^', Th«' ftH'tprints >\«'n' fii-st n'rorn-tl t«> l»iid>. Imh it N^a- {H.iiito<i uul ihal thi t«H.t of thi- Afri«'an ostrich (<»ur ]argt\st nnnicni hini) 
nieasiin^ onlv 10 inohos, uh«Mra> skuno ol tlus** l«H»tj»nnt> inrasund a> nnuh as 'JO inrht-s. rn>frs*x»r Hitchcock avers that iu the vall**y of 
ronncclioul thi- l*»^'li»rints of no Ifv^ tlian thirty-t\>o s|Hrir> "f i'ijHtls an<i iwrhr o\ >\\ia>\v\\[k-*\s liavo U-cn discovered. They havt^ l>t^ii 
ol»s*'i>vd in s,.ni« t\Ntnt\ loalitirs. an<l rov«r an aioa of *-»<» iniKs or ihritl'V from noith to ^ovith in th« states of Massachusetts and Connecticut. 
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condition were obtained by Professor Amalitzky of Warsaw from the banks of the river Dwina, near Archangel, 
Northern Russia. These and other great reptiles were, curiously enough, found embedded in large nodules of 
rock which during its formation had supplied them with a strong covering or envelope. From one of the nodules, 
Professor Amalitzky extracted an enormous and truly formidable camivor, which he designated Inostransevia. 
It bad a skull two feet in length furnished with huge tiger- 
like teeth, and must have been a terror to every living thing 
near it. As it was a contemporary of the Fariasaurus there 
can be little if any doubt that it fed upon that large herbivore 
and whatever else edible came in its way. The Inostransevia 
of Russia was the most terrible carnivore known. It exceeded 
in size and strength the great carnivorous reptiles of the Cape 
such as the Cynodraco, Cynognathus, and Lycosaunis, which 
like itself, preyed upon the Pariasaurs and other vegetable 
feeders. 

Professor Marsh in his excavations discovered a peculiar 
new form of carnivorous Dinosaur to which he gave the 
name of Ceralosaurus nasicomis from the skull displaying 
a horn (Fig. iiSI). It was about seventeen feet long, and had a powerful set of re-curved teeth or fangs which 
somewhat resembled those of the Megaloeaur. 

It differed from the other carnivorous Dinosaurs in the following respects : — 

(a) Its body was protected by elongated plates in the skin as in the crocodile. 

(b) The eyes were shielded by arched bony protuberances in the skull. 

(c) The brain was relatively larger than in Brontosaurus and its allies, indicating superior intelligence. 




Fig. 5S1. -Skull 




Fig. r>T>2. — Diiiieti-odon. 

{d) Its fore limbs were small when compared with its hind ones as in Megalosaurus, and some of the digits 
terminated in powerful claws. 

(e) The vertebrao were of a peculiar form, and the bones of the pelvis were fused together as in modem 
birds. 

The great carnivorous reptiles were all furnished with immense tiger-like t«eth for seizing, holding, and 
lacerating their victims. The Dicynodon had two powerful tusks, and the skull and teeth of Cynognathus greatly 
resembled those of a bear. 

Professor Amalitzky cime upon another Theromorph reptile in one of the numerous nodules in his possession, 
namely, the Dimetrodon (Fig. 552). It was a crested animal, and was found also in the Permian strata of Texas, 
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U.S.A. The DimetrodoD presented a formidable and forbidding aspect. It was less remarkable for ita sise than 
for its unusual appearance. 

The greatest extinct reptiles occurred in the Jurassic age. They were known as Dinosaurs (from the Greek 
Seifof, terrible ; and traupof, & lizard), and belonged to the extinct order of that name. 

The Dinosaurs, although usually colossal in size, were not always so. There were some families the memben 
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of which did not measure more than two feet in len^h. Diminutive examples of the Dinosaurs were found in 
the lithographic limestone of Solenhofen, Bavaria. They were slenderly built, and Professor Hiucley contended 
that they greatly resembled birds in their general configuration. His view, however, was not shared by Professor 
Owen and other acknowledged authorities in comparative anatomy. 

One very imjiortant point presents itself in this connection. 

The existence of the diminutive Dinosaurs proves very concliiaively that mere externalities, auch as environ- 
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nent and an unlimited supply of rich, nutritious food, do not of themselves necessarily account for the presence, 
jide by side, of the very large and the very small contemporaneous Dinosaurs. The explanation must be sought 
n type, in design, and in original endowment. 

Of late years, and to the permanent injury of science, it has been the fashion to speak of externalities and 
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Systems. 

Rgenet . 
Pleistocene 



Pliocene 
Miocene 
Eocene . 



Cretaceous 



Jurassic 



Triassic . 



Permian or Dyas . 



Carboniferous 

Devonian and Old 
Red Sandstone . 



Silurian 



Ordovician 



Cambrian 



Eo ZOIC- Arch.*: AN 



TABLE OF STRATIFIED ROCKS 



Formations. 



5 Terrestrial, Alluvial, Estuariiie, and Marine Beds of 
( Historic, Iron, Bronze, and Neolithic Ages . 
( Peat, Alluvium, Loess Valley Gravels, Brick-earths, 
• Cave Deposits, Raised Beaches, Palaeolithic Age, 
Boulder Clay, and Gravels 



\ 



Dominant typo, Man 



i Norfolk Forest- bed Series 
I Norwich and Red Crags . 
( Coralline Crag (Diestian) . 
Oeningen Beds, Freshwater, &c. 

iFluvio-marine Series (Oligocene) 



( Maestricht Beds, Chalk 
) Upper Greensand, Gault 

? Lower Greensand 
Wealden . 



Neocomian 



Dominant types, 
Birds and Mammals. 



( Purbeck Beds, Portland Beds, Kimmeridge Clay ' 
I (Solenhofen Beds), Coralline Beds, Oxford Clay, 
( Great Oolite Series, Inferior Oolite Series, Lias . 



j Rhsetic Beds, Keuper 
( Muschelkalk, Bunter 



!Red Sandstone, Marl . . ) 
Magnesian Limestone, &c. ( 

Red Sandstone and Conglomerate 
Rothliegende .... 
( Coal Measures and Millstone Grit 
{ Carboniferous Limestone Series 

J Upper Old Red Sandstone 
Devonian 
Lower Old Red Sandstone 
! Ludlow Series .... 
Wenlock Series 
Llandovery Series 
^ May Hill Series 
[ Bala and Caradoc Series . 
) Llandeilo Series 
S Llanvini Series .... 
( Arenig and Skiddaw Series 

iTremadoc Slates 
Lingula Flags .... 
Menevian Series 
, Harlech and Longmynd Series 



Zechstein 



Dominant type, 
Reptilia. 



Dominant type, 
Fishes. 



\ Pebidian, Arvonian, and Dimetian 
) Huronian and Lauren tian 



\ Dominant type, 
/ Invertebrata. 



mvironment as the chief, and indeed the only factors, which make animals what they are. Little or no attention 
8 paid to design, to type, and to original endowment. The great Power which is behind and which works in and 
through animals is ignored : only the scaffolding, so to speak, of creation is recognised — ^the Master-builder who 
vox.. HI. 2 H 
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plans, arranges, and regulates everything, and who is invisible, being deliberately set aside for what can be seen 
and felt, and what is, after all, the veriest husk of the great problem of life. 

The question of size in the great extinct reptiles, as in modem animals, has much significance when regarded 
as a fundamental constitutional problem. Biology would benefit largely if anatomists and ph3rBiologist8, instead 
of busying themselves with expounding trifling differences in structure and function, concentrated their attention 
on leading general principles, such as type, constitution, inherent powers, ultimate object to be attained, &c. 

Animals are not automata, and they cannot be treated on purely mechanical lines as mere machines. On the 
contrary, they are living entities which have resources within themselves, or on which they can draw, and which 
cannot be set aside without inflicting irreparable injury, and wantonly destroying many, if not all, the properties 
which make them what they are. Nor does the mischief rest here. The important subjects of a First Cause, design, 
continued supervision, and adaptation teleologically considered, are all prejudiced, if not sacrificed. The existence 
in geologic time of the colossal and the diminutive Dinosaurs points a moral which the reader will do well to 
ponder. 

The Dinosaurs have been variously grouped. Professor Marsh has divided them into five sub-orders. Others 
have recommended a threefold division. However classified, they had certain features in conmion which had better 
be stated. 

1. They were, as a rule, very large. 

2. They had, for the most part, long, flexible, powerful necks and tails. 

3. They had undersized anterior and comparatively very large and powerful posterior limbs. 

4. They had very small heads and brains considering the enormous dimensions of their bodies — ^the bodies 
frequently weighing several tons. 

5. They had small teeth and masticated their food. 

6. They were herbivorous or plant-feeders ; only a few of them being camivora or flesh -feeders. 

7. They frequented marshy, well-watered districts, and led a semi-aquatic existence. 

8. They browsed on vegetation abimdant and nutritious beyond precedent, which finds no parallel in modem 
times. 

While the great Dinosaurs culminated or attained their zenith in the Jurassic age, it is not to be inferred that 
this age was exclusively given up to them. On the contrary, it was distinguished by its great crocodiles, tortoises, 
and batrachians ; also by old-world fishes, insects, and plants — especially ferns. 

The several geological ages are indicated by the thickness of their strata and by the remains of plants and 
animals found in them. The successive geologic periods will be readily understood by a reference to the table of 
stratified rocks on p. 1312. 

In this table it will be seen (a) that by far the greatest thickness of strata is found deepest in the bowels of the 
earth and is the most ancient ; and (b) that the thinnest strata occur near the surface of the earth and are the most 
recent. It will be foimd also that only the simpler animals are met with in the deeper and older strata, and that 
the more complex animals are found only in the more superficial and later strata. It will be observed further that 
the simpler and earlier animals preceded the more complex and later animals in the order of creation. "We 
get fishes at the top of the Silurian, and we get in the Carboniferous great amphibians ; and the first reptiles in 
the Permian ; and then we get birds and crocodiles in the Triassic : and the first hairy, warm-blooded quadrupeds 
in the Jurassic. The highest animals are the latest to appear." ^ 

A table of stratified rocks (see p. 1313) is furnished by the Rev. H. N. Hutchinson in his " Extinct Monsters " " 
(Appendix 1), in which he adds a Quaternary or fourth period to the Tertiary or Cainozoic period, and supplies more 
detail than is given in the table just quoted. Other and similar tables occur in the work. 

It is exceedingly difficult to estimate, even approximately, the duration of geologic time from the thickness 
of the superimposed strata forming the crust of the earth ; a circumstance emphasised by the fact that the 
strata during the formation of the said crust have, in not a few cases, been broken up and re-deposited again ami 
again. 

It will be safe to assert that the time occupied in the formation of the strata, as we now know them, was 
fabulously great. 

It has been estimated that 1000 years of time should be allowed for each foot of stratum (a time all too 
short in the opinion of many cautious palaeontologists), and that, judged by this standard, the recent and 
Pleiostocene or uppermost layer of the earth's crust, which is only some 200 feet in thickness, would represent 
a cycle of geologic time equal to 500,000 years. If it takes 500,000 years to deposit strata 200 feet thick, 
what shall we say of the time required to deposit the strata of the Primary or Palaeozoic age, which embraces 

» «* KxtiiKt Aiiinials." hy PnifVssor K. K:iv I/ink.'st«'r, M.A., LI..!).. F.H.S.. Lmnlou. lOOr., j.. ♦•2. * *' Extinct Moiistere/' Umdon, }^9X 
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the Archtean age, with strata 50,000 feet thick ; the Cambrian, with strata 12,000 feet thick ; the Ocdoviciao, 
with strata 15,000 feet thick; the Silurian, with strata 7000 feet thick; the Devonian, with strata 5000 feet 
thick ; and the Carboniferoua, with strata 12,000 feet thick 1 We get into overwhelmingly large figutea which 
we cannot possibly adequately realise. Such figures and calculations fill the mind with astonishment, and 
throw a reflected light on the immeasurable antiquity of the earth and of the plants and animals which have 
from time to time inhabited its surface. The seven days allotted to creation in Scripture becomes unintelligible, 
and will so remain unless a new mode of estimating the length of the dajm and the nature and amoimt of the 
work performed in each day be discovered. 

It is not necessary to pursue this subject further at present, unless in so far as it applies to the Jurassic or 
great reptilian age. 

The Jurassic age, like primeval time generally, was measured geologically by the depth or thickness of its strata, 
which was 5000 feet. It represented, ac- 
cording to our limited ideas, a vast lapse of 
time, and was sandwiched between an older 
age — the Triassic with strata MIGO feet thick, 
and a more recent age, the Cretaceous, with 
strata 2500 feet thick. 

As showing the great duration of the 
Jurassic age with its huge reptiles and strata 
of 5000 feet, it is interesting to note that 
it embraced a period nearly equal to the 
Cretaceous, Eocene, Oligocene, Miocene, and 
Pliocene ages taken together ; these ages be- 
longing to and constituting the Tertiary or 
Osinosoic age, in which appeared the great 
races of huge extinct mammals, such as the 
Dinoceras, Arsinoitherium, Tetrabelodon, 
Mastodon, Mammoth, &c. The horse and 
man also appeared during the Tertiary or 
Cainozoic age. 

The Tertiary, according to those who do 
not recognise a ■ Quaternary, is the most 
recent of all the ages. Going backward in 
time and deeper into the crust of the earth 
we come to the Secondary or Mesozoic age, 
which embraces the Cretaceous, Jurassic, and 
Triassic ages. The Secondary age is inter- 
mediate between the Tertiary or Cainozoic on 
the one hand, and the Primary or PalieoBoic 
on the other. 

Pursuing the same order, we come next 
to the Primary or Polseozoic age, which is the oldest of all. It includes the Permian, Carboniferous, Devonian, 
Silurian, Ordovician, Cambrian, and Archnan ages, with a^regate strata of 100,000 feet. 

The element of time is an important factor in the appearance and disappearance of animals on the earth's 
surface, and should never be lost sight of. 

The thickness of the strata, as explained, indicates the all but inconceivable periods occupied by the Primary 
or Paleeozoic age — the oldest of the ages — in which appeared the invertebrates, molluscs, crustaceans, worms, mailed 
fishes, amphibia, Ac., as compared with the Secondary or Mesosoic age, noted for its great reptiles, tortoises, batra- 
chians, birds, <kc., and the Tertiary or Cainozoic age— the youngest of the ages— oharacteriBed by the great races of 
mammals and man. 

As a matter of fact, the most important part of creation, so far as the animals are concerned, was confined 
to the latest Tertiary or Cainozoic age, which occupied quite an insignificant period in the great work of creation 
and the world's history. All this becomes very evident when a chart of the sections of the earth's crust is con- 
aulted and studied. Such a chart or map shows clearly enough that creation is a prc^ressive work, which 
requires time for its accomplishment. It does not consist of one instantaneous and stupendous act. As every- 
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thing is designed and fite into some other thing specially prepared to receive it, and the action of everything, 
living and dead, is limited, controlled, and co-ordinated, it follows that, however suddenly the creative acts succeed 
each other, a certain amount of time is necessarily taken up in their performance. 

As the Jurassic age leads up to the Cretaceous and other ages which bring us to the present day, so the grest 
extinct reptiles (Dinosaurs, Sec.) bring us to the great extinct mammals, of which man is the highest representative. 
The gradation, advance, and types for which I contend appear in succession at shorter or longer intervals. The 
types also appear and disappear at intervals. Missing hnks and vestiges, strictly speaking, do not find a place in 
creation as we know it. 

The great extinct reptiles are, obviously, a race by themselves. They form an independent order of beings. 
They cannot be traced to pre-existing forms, neither have they left any recognisable descendants. We behold in 
them peculiarities seen in, but not confined to, the mammals. They cannot be classed with reptiles, amphibiaoB, 

or batrachiauB proper, and it re- 
iff 9 ' -'C^t 1*U'^^ more than a stretch of the 
, .-iaiwa— « imagination to classify them, even 
indirectly, with birds. 

The extinct reptiles were nume- 
rous, and, in many cases, of colossal 
size. One of the first discovered in 
a perfect state, and on the whole 
the best known, is the Iguanodon 
(Figs. 551 and 555), of which the 
Iguanodon bemissartensis furnishes 
the classical example. This wag 
discovered in 1877. I have had 
frequent opportunities of studying 
perfect examples of this celebrated 
reptile at the Royal Natural His- 
tory Museum, Brussels, which con- 
tains a large and unique collection 
of it (twenty-nine specimens) taken 
from the coal-fields of Bemissart, 
Belgium, at a depth of 1046 feet 
from the surface, and 975 feet below 
sea level.' One specimen measured 
•32 feet 6 inches in length, and, when 
in an erect position, 16 feet 3 inches 
in height. It had a head somewhat 
resembling in general outline that of the horse, a medium-sized neck, a large, tapering, thick tail, two short, dwarfed 
anterior extremities, each terminating in five toes, and two long, powerful extremities, each terminating in four toes 
— only three of which touched the ground when the animal was walking, as indicated by its footprinte left in 
alluvial and soft groimd. 

Some of the oldest Iguanodona were found at a depth o£ 1157 feet. 

As already explained, attention was first drawn (1822) to the existence of a great race of extinct reptiles in 
England, and the remains of the monsteis were carefully described and figured by Drs. Mantell and Buckland, 
Professors Owen, Phillips, Huxley, Hulke, Seeley, and others. The materials of the early workera, although amply 
proving the exiBt«nce of the monsters, were scant, and no complete skeletons were secured. It was otherwise in 
Belgium and some other countries, especially America. On the slopes of the Rocky Mountains (North America) 
for several hundred miles large accumulations of the reptiles were met with ; so much so that Professors Mareh. 
('o|>e, and their co-workers obtained several hundred specimens, some of them in a wonderfully good state of pre- 
servation — indeed j)erfect, as fossils go. 

The fossils were found in the Jurassic sandstone and rock of Wyoming, Colorado, and other parte of the grpal 
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American continent and comprised specimens of moat of the largest Dinosaurs ; amongst others, the AtUmtomurvs 
exceleus,the Diplod4xus mmegii, BrmUosaurua exceUus, Cttetmatms, Megaioaawms, Ceratosaurus na^kenis, Stegoaaumt, 
and others. 

In addition to the great Dinosaurs here referred to, Professor Marsh and those associated with him found quite 
a lai^ number of crocodiles, tortoises, and fishes ; also several small marsupials and one pterodactyl or flying reptile. 

The Atlantosaurus has been assigned the first place as regards size. According to Professor Marsh it must 
have been over 60 feet long and 30 feet high. An idea of the huge proportions of this reptile will be obtained 
when it is stated that its femur or thigh bone measured 6 feet 2 inches in length, and that it had a body 
a third larger than the body of the largest modem elephant (Pig. 556). 

The longest of the extinct reptiles known at present is the Di-ploiocus camegii, a fine specimen of which has 
been recently set up in the Carnegie Institute, Pittsburg, Penn- 
sylvania, U.S.A., and a replica of, which has been presented by ^ 
Mr. Carnegie to the Natural History Department of the British 
Museum, London. This truly gigantic reptile measured 84 feet 
6 inches in length, and 13 feet 6 inches in height at the shoulder ; 

with outstretched, erect neck it must have attained an altitude S^^^ t^' 1 "^^Sl^^ I 

of 40 or more feet. It was discovered, along with the other great 
reptiles, at Wyoming, North America, in the Jurassic deposits 
for which that district Is celebrated. The Diplodocus had a 
remarkably small head, a very long, powerful neck, and a 
massive, thick, tapering tail. Ita fore and hind legs were 
fairly equally developed, and all four were employed in walking. 
Ita body greatly exceeded in size that of the largest elephants. 
Judged by its small teeth it was herbivorous and fed upon 
plants. Judged by its small brain and its feeble spinal cord 
it was a peaceful, sluggish, and in no sense an aggressive, 
animal. It preferred marshy localities and rampant luxuriant 
foliage where it could feed and conceal iteelf. Its life was 
probably Urgely aquatic— an existence for which its long neck 
and tail admirably adapted it. 

The Brontosaurus may be cited as a good example of a 
great extinct reptile {Fig. 557). It bore a certain resemblance 
to the Atlantosaurus, and weighed several tons. Like the 
Diplodocus it had a small head and brain; a large, long, 
powerful neck ; a thick, tapering, massive tail ; strong, equally 
developed fore and hind limbs. The bones of the limbs were 
solid ; the other parts of the skeleton being porous, spongy, 
and light. It had small teeth, was a herbivore, and fed on 
juicy marsh plants. It apparently came to its death by being 
mired in the soft ground it frequented. Judged by its small 
head, brain, and slender spinal cord, it was a sluggish and, on the whole, a rather stupid animal. What it 
lacked in intelligence it probably made up in cunning. There are good grounds for believing that it walked 
on all fours. This is rendered probable by the comparative equality in the size of the fore and hind limbs. 
The Iguanodon, where the fore limbs were greatly dwarfed and the hind ones very greatly developed, was supposed 
to have walked on its hind limbs as a biped. The Iguanodon could only have so walked for short distances, unless 
the tail were brought into requisition. 

The Brontosaurus was so colossal that a man could walk erect in front of the fore legs under the neck ; the hind 
le^ being of correspondingly great dimensions. It was some 60 feet in length, and had a heavy ponderous body. 
It was found in the Colorado district of North America in the Atlantosaurus beds, and seems to have been semi- 
aquatic in its habits, and to have lived an inoffensive life, taking refuge in concealment or in the water when 
pursued. Its long neck enabled it to feed on juicy aquatic plants and roots, and ita great tail would be very 
effective as a swinmiing organ. 

The CeteosauruB, nearly allied to the Brontosaurus and Diplodocus, had a body larger than the bi^eet elephant, 
with a height of 14 feet. 

The Triceratops bad two large and one small horn on its skull — the skull being over 6 feet in length (Pig. 558). 
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Tt8 limbs exceeded in size those of the largest rliinoceros. The reptile was 'i'l feet in length, and had a long, 
powerful tail. 

The huge Stegosaurus had hind li'gs which were nearly twice the length of a well-grown man, and its body was 
pro[X)rtionately large. It was provided with five digits to each foot, and was in some respects one of the most 
remarkable of the Dinosaurs. It was found at Colorado, on the eastern Blo[>e of the Bocky Mountains, in streu 
of the JuraBsic age, by Professor A. Lake^ and Mr, Beckwith, engineer in the United States Navy. It« remains 
were discovered in the locality which furnished the gigantic Atlantosaurus. Professor Marsh described this eitra- 
ordinary reptile in 1877 in the American Jourmd of Science. In IK71) Professor Marsh announced the discover)- 
of Stegosauriis remains from several localities. PortioiiB of over twenty specimens have now been recovered. The 
monster was 2i5 feet long, and presented several striking peculiarities. 

1. It was a most uncouth, formidable- looking animal (Fig. 559), and derived its name from large bouy plat« 




as well as large and small spines on its skin. Some of the plates were from 2 to ."S feet in diameter, and two of 
the spines were each 2 feet long. 

2. The head was relatively very small, and the spinal canal at the sacrum expanded into a long, wide cavniv 
which some think contained a second or supplementary brain for regulating the movements of the great hind limle 
and long, powerful tail. 

3. The fore and hind limbs (Fig, 5<iO) were well developed, the fore limbs being much shorter than the hind 
ones. The bone-s of the Hnibs were solid, indicating an aquatic or semi-aquatic existence. 

4. The reptile, judging from the skull, had large eyes protected by bony protuberances : it had also fairiy 
developed smelling organs, if one may form an estimate from the nasal passages. 

6. The teeth in the jaws were arranged in a single row, which when worn out were replaced by otheia which 
occupied a position beneath them. 

The great extinct reptiles formed the largest terrestrial and semi-aquatic animals which have ever lived. Wkea 
moving about in the landscape they must have been veritable mountains of flesh. All modern animals, even tbe 
elephants, are puny by comparison. 

While the extinct reptiles were colossal in size they were also, in many cases, grotesque in appearance. They 
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were characteriBed, as a rule, by greatly elongated necks, small anterior and large posterior extremities, and long, 
powerful, tapering tails ; the limbs and tails resembling, but in a greatly exaggerated form, those of modem 
kangaroos. The huge tails and greatly developed hind limbs formed a basis of support for the ponderous bodies 
and long necks of the reptiles. They enabled the animals to swim, walk, or sit in a semi-erect position when 
browsing on tall grasees, shrubs, and trees. They also enabled them to make vigorous forward leaps on occasion ; 




Pro. 558. — TriteraUiftt priiriu* (after Marsh). 

a power of immense importance to the carnivorous reptiles, which sprang upon their prey. The small fore legs, when 
the animals were standing on all fours, had the effect of bringing the head near the ground, thus enabling the herbi- 
vorous reptiles to crop the shorter plants and the carnivorous reptiles to devour their victims. The greatly developed 
tail had yet another function. It was largely instrumental in preventing the heavy bodies of the reptiles sinking 
to dangerous depths in the mud of the slu^ish streams, lagoons, marshes, and soft grounds which they frequented. 




Fig. 6f>9.—Stega-aiinu iinyvlatim (after Mftrsh' 



in the same way that the steps of a ladder placed horizontally enable one to walk over thin and dangerous ice. 
The tail when the animals w? re walking was trailed along the ground, and in some instances lifted clear of it. In 
the latt«r case the reptiles assumed a semi-erect position, and progressed after the manner of bipeds for short distances. 

The fossil marsupials, it may be stated in passing, were twice the size of the modem onea. They were con- 
spicuous examples of the excess of growth characteristic of the old-world fauna. 

One of the most remarkable peculiarities of certain of the great extinct reptiles (and it has been already 
adverted to) was the comparatively very small size of the head and brain as compared with the body. This in 
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the case of the Ceteosaums, Diplodocus, Brontosaurus, and Stegosaunis was altogether phenomenal, and indicated 
a low intellectual standard. Indeed the brain in some of the cases mentioned was so small that it could be drawn 
through the spinal canal. The brain was comparatively little developed as compared with the spinal cord, which 
was greatly developed, especially in the regions which supply the neck, tail, and limbs with nervee. It was so tiny 
that its bulk, as ascertained by casts of the interior of the cranium, was only one-tenth that of modem reptiles. 

In early geologic times (Triassic and Jurassic) the conditions of hfe were peculiar. There was, as already 
explained, a superabundant supply of rich, nutritious vegetation everywhere, and the majority of the extinct reptiln 
were herbivorous. They fed exclusively on plants. The carnivorous or flesh-feeding reptiles were comparatively 
few but very formidable. The extinct reptiles, which fed on the rampant vegetation everywhere prevailing, were, 
at the time referred to, rarely hunted or disturbed. There was, so to speak, no need for large brains in the herbi- 
vorous reptiles. Everything was provided for them, and their secarity 
within their grazing grounds was, in great measure, secured. They 
were rather in the position of domestic animals artificially fed and 
protected, than wild animals accustomed occasionally to short ratiom 
> and the frequent raids of carnivorous beasts which sought to devour 
them. That the brain, like every other part of the body, is developed 
by exercise and work is proved by this, that the brains of wild animals 
are larger than those of domestic ones, and the brains of c&mivoious 
animals than those of herbivorous. The hunters must circumvent, by 
brain power and superior intelligence and atrat^y, the hunted. To 
this there is no exception. 

The great extinct reptiles were not all small-brained. In some of 
them the organ attained very considerable dimensions. This was 
especially the case in the extinct carnivorous or fieeh-feeding reptiles, 
of which are to be mentioned the formidable Dicynodon, with two 
huge tusks, and the Cynognathus, with a skull and teeth greatly re- 
sembling those of a bear. Most formidable and dreaded of the car- 
nivorous reptiles was the terrible Inostransevia, which had enormous 
tiger-like t«eth. The skull of this monster was about two feet in 
length. It lived at the same time as the herbivorous Pariasaunis, and 
no doubt fed upon it and other herb-eating reptiles and animals of 
the period. 

The gigantic homed Dinosaur, Triceratapa prornta, was charsctei- 
ised by a huge head and a brain smaller than any vertebrate of tbf 
same size. The head seen sideways somewhat resembled that of the 
rhinoceros. The resemblance was emphasised by the formidable homs 
on the head. It had four well developed and not disproportionate fore 
and hind limbs, walked on all four lego, and, at first sight, might 
have been mistaken for a large mammal. The Dinosaurs, as already 
explained, are regarded by many as representing tbe herbivorous 
and carnivorous quadrupeds of modern times. 

It is a striking fact, that in the great extinct reptiles death, as a working part of the scheme of life in verte- 
brates, was in full operation. A certain proportion of the reptiles lived upon their fellows and whatever else came 
in their way. The carnivorous reptiles with large teeth fed upon the herbivorous reptiles and other animals with 
small teeth, and the latter fed upon plants. Death in the plant or in the animal was a necessity of life. Death 
as a concomitant of life was introduced into the world long anterior to tbe advent of man upon the earth. It is 
important to mention this here, as many hold that physical death in man was the result of transgression and sin. 
which, regarding man as an animal, was not the case. 

Remarkable as the great extinct reptiles were in many ways, they were especially so as regards their small 
heads, brains, and teeth. As, however, certain of the extinct reptiles were camivora or flesh-eaters, and fed upon 
their fellows and herbivora generally, special provisions had to be made in their case. Larger brains and larger 
and differently shaped teeth became a necessity. These facts furnish a strong argument for prescience, pre-arrange- 
ment. and design. Examples of herbivorous, carnivorous, and other teeth are given at Figs. 561, 562, and ■)&l 
The chisel-shaped incisors or front teeth of the plant-feeders could not do the work of the flesh-feeders, which 
rL'i|uirod long, pointed, curved fangs wherewith to seize, hold, and lacerate their prey. Neither could the compara 
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lively flat-topped molars ot the herbivora take the place of the jagged, pointed tnolais of the camivora. The 
uses to which the two kinds of teeth were dedicated were wholly different, and that difference was not accidental 
but fundamental. 

The teeth of the herbivorous and carnivorous reptiles were original structures. They had to masticate food 
which differed in many important particulars, and in order to a perfect division of the two kinds of food employed 
a special chewing apparatus had to be provided in either case. In man the teeth were still further differentiated, 
he being an omnivore and designed to live upon all kinds of 
food. 

The special chewing apparatuses in question were supplied 
at the outset. They were not the result of an after -thought, 
or of accident, or even of modification and adaptation extend- 
ing over long periods. The herbivorous and carnivorous 
reptiles depended for the mastication of their food on their 
peculiar form of teeth from the time they attained the adult 
condition, and any failure in the characteristic dentition of 
each would sooner or later have resulted in starvation. The 
two kinds of teeth, therefore, were as important to the life of 
the two kinds of animals as were the brains, hearts, lungs, 
eyee, 1^, or other parts of their bodies. It is quite evident 
that the herbivorous and carnivorous teeth were fundamental 
typical productions, in no sense dependent on externalities, or 
environment, or inherent irritability, or so-called adaptability. 
They were simply original parte of the original animals, and 
were necessary to their continued existence. 

If the two kinds of teeth failed, the two kinds of animals 
ceased to exist. This was the case in the olden time, and a 
similar law prevails in the present day. If the teeth of an 
aged animal become diseased, decay, or drop out, an imperfect 
uiastication and assimilation result, and the animal dies off 
more quickly than it would have done if its teeth had re- 
mained healthy, intact, and tn situ. The employment in 
modem times of artificial teeth by man is visibly protracting 
his span of hfe. 

If animals had to wait for their teeth until they were 
developed, modified, and adapted from some neutral living 
material they would starve before the modifications and 
adaptations could possibly take place. 

Nature has taken great pains with the teeth. She has 
provided, in advance, so-called milk-teeth, for young indi- 
viduals. These do duty when the food is partly fluid and 
partly solid. They are ephemeral, and at a given time disap- 
pear and make room for the permanent teeth, which generally 
last during life. Various contrivances are also introduced for 
keeping the teeth sharp, these being composed of substances 
varying in density. In mastication some parte are more worn than others. In some animals even the so-called 
permanent teeth, when wom out, are supplemented by fresh ones. The teeth not only distinguish the herbivora 
from the camivora, they also assist in distinguisliing animals as a whole. 

Man who, as indicated, is a mixed feeder — that is, an animal which lives habitually on a combined diet of plants 
and animals — possesses, as was to be expected, teeth exhibiting the peculiarities of the herbivora and the camivora 
respectively {Pig. 564), 

As proving the fundamental character of the teeth, it is only necessary to state that the milk or first set of teeth 
in man, and in the majority of animals, are planted and partly developed in utero long before they are required for 
the purposes of mastication. There is no question here of externalities, environment, irritability, or adaptation. 

As proving the typical nature of teeth it is only necessary to remind the reader that the young of certain 
whales are provided with teeth which they never use, and which disappear soon after birth. 

VOL. (II. 2 I 
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The foregoing satUfactorily disposes of all argumenta which seek to prove that the teeth and the several parts 
of animals which discharge particular functions are not original endowments, but modifioatioos and adaptations ot 
structures produced by chance influences outside the animals themselves. Those who hold such views seek to create 
special structures by the aid of environment and other means by what are virtually dead surroundings, and 
endeavour in a vague and inconclusive way to substitute for a First Cause and design the exploded doctrine of 
spontaneous generation, with its accidental, hypothetical, non-existent products. In other words, they do their best 
to convert designed, living animals (every part of which performs a particular function) into dead automata which 
have no initiative, and where mere mechanical arrangements are called upon to usurp the prerogatives and activities 
of life. 

The differentiation of the teeth in the herbivorous and carnivorous extinct reptiles is already a very old story. 
but the lesson taught by the differentiation is as important to-day as it was before man made his appearance on 
the earth. There is, as a matter of fact, no improvement in the herbivorous and carnivorous teeth of the present 
day over those of the dim and remote past. Notwithstanding the enormous lapse of time between then and now, 
Nature has not altered her plan even in the slightest degree. What prescience, what permanence, what an endur- 
ance of type and what a wealth of design 
all this implies ' Had the herbivorous and 
carmvorous teeth been mere modificatiotu 
and adaptations of some neutral accidental 
substance with no particular function, the 
time which has elapsed since the extinct 
animals bved should have produced some- 
thing totally different from what actuallv 
obtams at the present day This argument 
IS not met by the hypothetical assertion 
that, when a modified or adapted structure 
has reached a stage when it aatisfies the 
requirements of a particular case, the modi- 
tying and adapting influences cease to 
operate. If modification and adaptation are 
due to the accumulation of innumeiable 
trifling differences occasioned by mbute 
accidental changes extending over long 
periods, it is the veriest temporising to 
assume that the accumulations and changes can be stopped at any given time or under any circumstanoes whatsoever. 
Of course a preliminary question might be raised as to the exact nature of teeth. Some there are who r^aid 
teeth as mere unimportant integumentary appendages, such as hairs, nails, horns, and hoofs. The teeth, in such 
cases, are looked upon as duplications of the mucous and submucous and other tissues of the gums. This view 
is favoured by the growth of teeth outsiile the mouth, as in the walls of the uterus, the interiora of oysta, the 
surfaces of tumours, &c. 

Teeth when so regarded form of necessity an integral part of the integumentary system in a designed and 
specially differentiated system, every part of which has its uses ; this is especially true of the sense organs, all of 
which are skin products. 
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§ 454. Gig;antic Extinct Mammals. 

The gigantic extinct mammals come next to be considered, and I cannot do better than quote, in this con- 
nection, sonic interesting observations by Mr. Hutchinson. 

" With the advent of the Cainozoic or Tertiary era, we enter ujKin the ' Age of Mammals,' when great quad- 
rupeds came uj>on the scene. The place of the reptile was now taken by the mammal. In the long previous era 
this higher type of life was not altogt'ther wanting, but, as far as the geological record is yet known, it appeals 
only to have been represented by a few primitive little creatures, probably marsupials, whose jaw-bones have been 
<liBcovere(l in the New Red Sandstone and the Stoncsfiekl Oolite. 

'■(ieolopy tells of a great gap between the highest rocks of the ("retaceous period and the lowest group oi 
the siiccet'iliiig Kocenc jx'riod. This gap, or break, tt-stifies t« a very long interval of time, during which important 
' KMiiirl .\l.ii..|..r.," I.v 111.- R-'V. II. X- l!iitiliiii„,i,. Il..\. Vy..».. I^.Mon. 1893, [.. 148. 
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ger^raphical and other changea took place ; and consequently we find in the Eocene rooks (iit the base of the 
Cainozoic aeries) a very different fauna and flora from that which is preaerved in the Chalk formation. 




Fig. 565. — TinoctroK inyeiu, 

" The researches of Cuvier among the fossils collected from Koceue rocks in the iieighboiirhooil of Paris, especi- 
ally the Gypseous series of Montmartre, revealed the existence of a very extensive fauna, especially of new types 
of mammals ; and his restoration of the Palseotherium, a tapir-like animal, and other forms, created a vast amount 
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of interest, and greatly stimulated the study of extinct animals. As we have already remarked, the science of 
palaeontology may be said to have been founded by Cuvier." 

The largest of these mammals were found in the far west of America. In the Eocene period there was a 
large tropical lake in the Wyoming territory, and around this lake, amidst luxuriant vegetation, lived an extra- 
ordinary group of animals called by Professor Marsh Dinocerata, which name implies that they were terrible homed 
monsters. 

I ap^nd a figure of one of them {Tinoceras. ingenSy Fig. 565). This great beast had a body 12 feet in 
length, without the tail, and was calculated when alive to have weighed two tons and three-quarters. On studying 
this huge creature one is struck with its resemblance to the rhinoceros and elephant. 

Another group of great extinct quadrupeds was found east of the Rocky Mountains, and belonged to the 
Miocene period. One of the best known of these was the Brontops (Brontops rolmstiLs)^ which is depicted at Fig. 566. 

The Brontops was a heavy, ponderous animal. It was 12 feet long without the tail, and stood 8 feet high. 
It had short legs, the front limbs having four toes and the hind ones three, as in the tapir. Some are of opinion 
that it was provided with an ample flexible nose, which formed a rudimentary trunk. Its skull was shallow and 
very large, and had, on its upper surface, two knobs or prominences which were probably armed with two small horns. 

One of the best known and most interesting of the gigantic extinct mammals was the mammoth, a drawing of 
the skeleton of which is given at Fig. 567. 

The mammoth must have occupied a very wide area. As a matter of fact, its remains occur in different 
regions of half the globe. These remains were so numerous as to form the basis of the science of palaeontology. 

It was especially abundant in the northern hemisphere, particularly in the frozen regions of Siberia, where a 
nearly perfect specimen was foimd. In this, the muscles and soft parts of the body, and even such delicate parts 
as the eye, were preserved intact. This animal finds a fitting resting-place in the Museum of St. Petersburg Academy. 

The tusks of the mammoth were at one time so numerous that they formed an in^rtant article of commerce ; 
mammoth ivory was well known almost everywhere. 

The remains of the mammoth foimd in England were mixed up with the bones of the rhinoceros and hippo- 
potamus, and also with those of horses, oxen, and deer. In Ireland the bones of the manmioth were also found. 

A mammoth found on the banks of the river Indigirka in Siberia must have been mired in the soft river and 
other mud, as it was discovered in a standing position. 

This animal inhabited great plains or flats covered with small plants and fir trees, on the spikes and cones of 
which it fed, as shown by the contents of its stomach. 

Some regard the mammoth as the root stock of the elephant. It, however, differed from the elephant in tiie 
following respects : it was much larger, had a rough head, a low and narrow brain case, a very large moutili and 
trunk, and unusually powerful teeth. 

It was especially remarkable in having a mane and skin covered with flakes of hair. 

I give a restoration of this formidable animal (Fig. 568), especially of its exterior. 



THE ORIGIN AND CAREER OF MAN 

There are two great theories on these important and all-absorbing subjects ; the one : — 

(a) That man has descended from the lower animals by, what is practically, infinite modifications in infinite 
time by a process of evolution, and has worked his way up ; the other 

(b) That man was created by his Maker, the Great First Cause, a complete being, ph)n5ically, mentally, and 
morally, and that his present condition is to be attributed to temptation, a fall, and retrogression. 

If the authority and teaching of the Old Testament and the possession by man of an extraordinary ner\'ous 
system and brain be set aside, the preponderance of evidence, many are inclined to believe, is in favour of a 
lowly origin — that is, a savage or semi-savage origin. I am not of this way of thinking. There is, it appears to 
me, no proof that man is directly descended from the ape, and indirectly from the mollusc or the monad. 
The unchanged condition of physical man for the last nine, or more, thousand years is wholly opposed to such 
a conclusion. 

The period in question is sufficiently long to admit of retrogression and degradation to savagery, and even 
for regeneration and a return to civilisation by the protracted route afforded by the stone, copper, and bronze 
ages. The first state of man, there is reason to believe, was one of simplicity and virtue, in which an exalte 
moral nature played a prominent part, as contra distinguished from mere knowledge and the vice which not unfre- 



THE ORIGIN AND CAREER OF MAN 




Fiii. fi67. — Skeleton of matiimoth iElep/ioi- iinmigentif) 




FiQ. i>6a— Mummoth (AV.^,/,.; 
tlie creature a wild, futociuus upij 



.), U ^ll.>«■■. tLr .ii;itu..il thikus .)( lia' 

(K.;3tuita li^' C. li^gciiu :md the Aullior.) 



the body, and which gave to 



1326 DESIGN IN NATURE 

quently accompanies knowledge. The Fall, as the outcome of disobedience, destroyed the cordial relations between 
man and his Maker. He became an alien and an outcast. 

His fall and degradation, however, did not preclude his return or partial return to the high platform he once 
occupied. He was a free agent, and it was open to him to retrace his steps. As he had strayed from the path of 
virtue and right, and taken to evil wa)n5, it was still in his power to reform. The reforming process furnishes the 
history of savage peoples in all countries in their attempts at civilisation during the ages. The retrogression and 
regeneration of man have everjrwhere followed essentially the same lines ; hence in all savage lands the so-called 
aborigines pass through successive stages of civilisation, popularly known as the stone, copper, and bronze eras. 

As man in his original state did not live in dwellings, and had no need for weapons, tools, and implements of 
any kind, he left no physical traces for the archaeologist. It is otherwise with degenerate man — ^the outcast who 
had to live by the sweat of his brow, and who was obliged to devise bone, stone, copper, bronze, and other weapons 
for the exigencies of the chase, and to fashion tools and implements for cultivating the soil, and to live in caves or 
build huts, all which are more or less in evidence in several countries at the present day. The finds of bone, flint, 
copper, and bronze weapons, tools, and implements in cave and other dwellings do not prove that man was originally 
savage. They prove at most that savagery under certain circumstances is a phase of human existence (how 
brought about is an open question), and that where it prevails or has prevailed the weapons, tools, and implements 
above mentioned make their appearance. The conditions of life were altogether different in the two cases, so that 
the same kind of reasoning does not, strictly speaking, apply. 

It is a remarkable fact that, so far as is known, the world has never been without civilisation. Long prior to 
the historic period traces of civilisation are discovered. In the earliest times, as at the present day, civilised and 
barbarous peoples occupied different parts of the earth's surface. The civilised and the uncivilised, the good and the 
evil, co-existed. It could not be otherwise. The great laws of retrogression and progression have since the Fall 
had free play. It is in the nature of things. Even in the most highly civilised communities there are black sheep 
which persistently take the wrong road. The same is true of families and of races. Races may break away from 
civilisation and return to it. When they do so, their departure and return are marked by the same characteristics 
— they pass through practically the same phases in the downward and upward gradients. The finding by archjeo- 
logists of a graduated series of bone, stone, flint, copper, bronze, and other implements and weapons, of cave dwell- 
ings, rude huts, pottery, &c., does not prove that man was originally savage and descended from a monad, an oyster, 
or a monkey. It only shows that savagery is one of the conditions of modem man. 

The savage state, as indicated, can be quite explained by retrogression, and it must be borne in mind that plants 
and animals, as a whole, ever and anon retrogress. Moreover, the history of the world shows that even the highest 
civilisation culminates in retrogression. All the great empires and d}aiasties have, as history informs us, gone to 
pieces. There is progress up to a point, a zenith is reached, and then retrogression and decay set in. The retro- 
gression is, in many cases, more rapid than the progression, so that savagery in man is by no means an exceptional 
case. Retrogression is the back swing of the pendulum of progression. 

In the early days the conditions of life were easy. The dome of heaven supplied a covering and a home, and tiie 
fruits of the earth food. After the dispersion of the races the elements had to be faced, and inhospitable climes 
occupied and subdued. Stern necessity, the mother of invention, put every one on his mettle, and a race for know- 
ledge, which is the equivalent of power, became the order of the day. Tools, implements, and weapons of all kinds 
were fashioned, huts built, fire raised, agriculture inaugurated, and flocks and herds reared. As the requirements 
of all had much in conmion, so the modes of satisfying them differed Uttle ; hence the wonderful sameness of the 
" finds " in coimtries widely separated from each other. In Egypt, Africa, France, Germany, Belgium, Great Britain, 
America, and elsewhere the flint knives, scrapers, arrow and spear-heads, axes, &c., vary little. The same is true 
of the copper and bronze instruments and early pottery. A like demand resulted in a like supply. The most 
serious argument that can perhaps be brought against this view is man's dentition. According to comparative 
anatomists, man's teeth proclaim him a mixed feeder —that is, an animal requiring a mixture of animal and vegetable 
pabulum. It is true he does not possess the powerful, finely contrived incisors of the ox and horse, or the long, cur\ed. 
lacerating canines of the lion and tiger ; but it may very well be contended that his teeth admirably adapt him for 
a fruit-feeder. He has no difficulty in dealing with the juicy fruits and the major portion of seeds and nuts ; nor 
must it be forgotten that from the very first he was possessed of very perfect and powerful hands and feet, which 
were the natural auxiliaries of his teeth. If by sin death came into the world, the Fall, which must have been fore- 
seen and provided for, destined man to be a mixed feeder from the beginning. 

It must be added that if death became the punishment of disobedience in man, it could not be so in the case 
of the animals. As a matter of fact, death has from the first formed part of the great scheme of life, and, as a 
consequence, the teeth of animals have enabled some to live exclusively on herbs (herbivora) : others exclusively 
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on flesh (camivora) : others partly on herbs and partly on flesh (omnivora). Man is properly classed as 
an omnivore. 

While man is a composite animal as regards his several parts, he is not composite in the sense that he is made 
from, and represents, all the other animals. The brain of man in volume, complexity, and quality transcends that 
of every other living form, and establishes an impassable gulf between him and the apes, and everything below the 
apes. The extraordinary bran of man, while not in excess of his requirements, as the ruler of the whole earth, places 
him in a category by himself, and ma ks him out as a being who has received, and is receiving, special treatment at 
the hands of his Maker, and who maintains, and has alwa}n3 maintained, a more or less direct relation to the Great 
First Cause who made and upholds the universe. 

The special plea here set up for man as a separate and independent creation, originally endowed with prerogatives 
of a high order, while it separates him more or less widely from the animals, does not deprive him of his animal 
characteristics. He remains one of the animal kingdom, and shares the realm of animality with every living form 
beneath him. 

That intellectual man is capable of improvement, up to a point, as the result of experience and education, goes 
without saying. As a matter of fact, he, in common with the whole animal kingdom, has the germs of advance 
knowledge-ward in himself. There is, however, a limit to progress in man and animals, and also in plants. This 
fact favours a belief in certain creations, in types, and the division of plants and animals into orders, families, geneia, 
species, &c. While so saying, it is necessary to bear in mind that the division and classification of plants and animals 
are, in many cases, arbitrary, and a matter of convenience. Still, everything considered, it is more accurate to say 
that plants and animals are separated from each other by boundaries (ill defined at times they may be), than to affirm 
that every plant and animal runs into every other plant and animal by insensible gradations, and that each plant 
and animal proceeds from some other plant or animal, lower down in the scale. The beginnings of things necessitate 
origins, or types, centres, and points of departure and return for plants and animals respectively. 

While the progress made by savage man through the ages towards civilisation points to a lowly origin, it must 
not be forgotten that over civilisation leads to effeminacy and degeneracy, and the history of the world, so far, shows 
that up to a certain point there is progression, and, after that, retrogression. 

The history of Egypt, and of the Greek and Roman and other empires, sufficiently attests the accuracy of this 
statement. It remains to be seen whether the civilisation of the twentieth and succeeding centuries is to be some- 
thing different. If not, it becomes a question whether the civilised condition of man is not his normal condition. 
In both plants and animals there are many examples of progress within limits followed by retrogression. In other 
words, there is a forward and a backward oscillation of the pendulum of life at longer or shorter intervals ; the real 
point of departure and return being the normal, typical state between the two extremes. Stability in the vegetable 
and animal kingdoms seems to demand such a state of things, and, it appears to me, there is a law which regulates 
it. If law there be in the matter, it would account for the infinite varieties of plants and animals as contra-dis- 
tinguished from the tjrpes ; the varieties departing from and returning to the types at shorter or longer intervals 
according to circumstances. This would result in oscillation, fluctuation, and modification on either side of a given 
line or centre, without obliterating the Une or centre itself ; would allow for adaptation to varying conditions without 
destroying fundamental forms and altering original constitutions. 

That man possesses in himself the elements of progress, and that he can move forwards, backwards, or remain 
stationary, is sufficiently attested by the fact that he is found all over the globe, and accommodates himself to the most 
varied conditions of climate and physical surroundings. The bu ning heat of the tropics and the freezing cold of 
the far north have not stopped his career, although they have made development and advance difficult, and have, 
in some instances, checked progress, and even resulted in retrogression and disappearance. 

The distribution of the human race on the surface of the earth is a subject of great interest ; the majority 
holding that mankind spread from a single centre and from a single pair of ancestors ; the minority believing in a 
plurality of centres and a plurality of ancestors. The question of distribution is less important than that of origin. 
It has, however, an obvious bearing on the conditions which are favourable and imfavourable to the development 
and progress of man on the globe. 

Great heat and great cold act as deterrents in evoking the highest powers of the genus homo. He succeeds 
best in a mild climate, where he is not enervated by heat, and where he is not numbed by cold. The conditions 
which suit him best are those supplied by a temperate zone, where he is free to exercise and exert himself, and 
where food is furnished in plenty but not in excess. The stimulus of exertion is required to elicit his 
highest powers. 

The conditions which favour progress are a suitable habitat as regards climate and soil, social intercourse, com- 
petition, sufficiently large communities for intermarrying outside the family circle, and a country which provides 
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fish, animals, cereals, succulent vegetables, and fruits of all kinds, and in addition, timber, seas, rivers, lakes, 
rocks, minerals, and metals. Given these, progress is certain up to a point. 

The conditions opposed to progress are unsuitable climate and soil, isolation, absence of social intercourse, small 
communities and interbreeding, too much or too little food, and the need for too much or too little exertion in the 
performance of the ordinary duties of life. That environment influences, within limits, the career and progress of 
man is shown by the fact that extremes of heat and cold, dryness and moisture, &o., retard civilisation. We have 
proof of this in the negro of Africa, and the Esquimaux of the Arctic regions, who are, even now, in a state of semi- 
barbarism. Other causes besides environment are, of course, at work, as when civilised man competes with savage 
man. This is proved by the history of the Red Indians in North America, by that of the Bushmen at the Cape of 
Good Hope, and by that of the aborigines in Australia and New Zealand. All these countries are now, for the most 
part, occupied by modem civilised man, and, as a consequence, the original semi-savage inhabitants are slowly but 
surely disappearing. This shows that environment, although a factor in the condition of man and animals in certain 
localities, is not the only factor, and that race and breed are, up to a point, superior to it. I ought here to mention 
that some ethnologists are of opinion that the Americans as a nation will deteriorate, and that, even now, signs of 
deterioration are manifesting themselves. If so, the deterioration will be due not to environment alone, but partly 
and largely to the great laws of progress and retrogression. 

As emphasising the tendency to retrogression, it may be stated that clever parents who have overtaxed their 
powers very seldom produce talented, vigorous offspring. Similarly, over-bred and over-trained race -horses are, 
ever and anon, hopelessly beaten by rank outsiders. The over-trained athlete invariably loses his match, and the 
over-anxious, over-worked student makes a muddle of his examinations. The aristocracy are frequently a feeble 
race from intermarrying in a limited circle, and from luxury and over-refinement. The blue blood requires to be 
occasionally mixed with rustic blood. To have perfect health phj^ically, mentally, and morally, a constant inter- 
mixing of people and blood, on a wide scale, is necessary. The robust normal standard or type can only be attained 
under natural conditions. 

The progress witnessed in man, as indicated, is shared by animals and plants, but in neither case is it unlimited. 
There are, so far as is known at present, natural boundaries which may not be overstepped, and which separate the 
different kinds of plants and animals from each other. The distinguishing feature in man is his highly developed 
nervous system and brain, which reveal a marvellous degree of differentiation. Even in these, however, he is not 
wholly separated from such of the animals as are also supplied with nervous s}n3tems and brains. Fundamentally, 
the nerve substance in man and animals is identical. .Man possesses more nerve substance in proportion to his bulk 
and his weight than other animals ; the nerve substance is also of a better quality, but this is all that can be said. 
The difference is not one of kind but of degree. 

If the theory which assigns the origin of man in a perfect form to the operation of a Creator or Great First Cause 
be adopted, little remains to be said. The Old and New Testaments give his history in a practically complete form. 

If the theory that man is descended from the lower animals by infinitesimal modifications extending over 
essentially unlimited periods be preferred, then the history of the universe as well as of man must be laid under con- 
tribution. I can quite understand man's position as the last link in a great chain of being with certain affinities and 
points of contact with the lower animals, but I fail to see how these affinities and points of contact necessitate his 
actual descent from the animals next to him in point of organisation. 

The advent of the higher biblical criticism, and the rapid strides made of late years by science, especially physics, 
astronomy, geology, palaeontology, archaeology, botany, and zoology, make it imperative to treat the Old and New 
Testaments as historical in character as well as religious and moral, and to modify dates, and, in some instances, even 
to question outstanding events. Thus it is now generally admitted that the six dAj^ assigned in the book of Genesis 
to the creation of the world must mean 6000 or more years. 

Geology, palaeontology, botany, and zoology demand long stretches of time for the production of the crust of 
the earth, soil, rocks, seas, lakes, rivers, atmosphere, climate, &c., and for the formation of plants and animals as they 
now exist. Doubts have also been expressed as to the several races of man being descended from a single pair- 
doubts not readily explained away when it is remembered that in the earliest times (as at present) the continents, 
islands, and patches of land were separated by great seas, lakes, and rivers, and that no boats or means of transport 
of any account existed. The single or multiple origin of man, it should be stated, does not seriously affect his position 
as an independent and separate creation. 

The stronghold of the doubters is to be found in the account of Noah's Deluge, which is said to have occurred 
2200 B.C., or at the earliest 3000 B.C. The date of the Deluge, remote as it may appear, is quite eclipsed by Egyptian 
and Chaldean dates. According to the monuments and written testimony of these countries, powerful dynasties, great 
cities, and a highly refined civilisation existed, for certain, 2000 or more years before the date assigned to the Flood. 
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The doubters afErm, and truly, that the Deluge apart from a miracle is an impoBsibility. In this universal 
flood the entire land, according to the description given in the Old Testament, must have been covered by water, 
in many cases miles deep, and every living thing drowned except Noah's own family and the animals preserved with 
him in the ark.^ 

The first diflBculty, in this connection, concerns the production of the water which constituted the Deluge. 
Water has to be manufactured. Whence came it ? Water in the imiverse is more or less a fixed quantity. The 
clouds are supplied with moisture from the sea and great lakes and rivers by means of evaporation, waterspouts, Ac. 
What water is taken from the seas, lakes, and rivers is ultimately returned to them in the shape of rain, snow, 
or hail, spread over the surface of the earth, and so water circulates without any material increase or 
diminution. 

The second difficulty concerns the number and nature of the animals to be stowed away in the ark for a com- 
paratively long period (twelve months or thereby) ; some being large, powerful, and fierce, others being small, 
feeble, and timid, and therefore, in a sense, at the mercy of the larger, fiercer animals. But in addition to the 
lai^er and smaller animals referred to there would be mjnriads of microscopic animals, which, at the date given, could 
neither be seen nor collected. 

The third and chief difficulty concerns the enormous quantity of food, vegetable and animal, required to feed 
the multitudinous and strangely assorted host. 

It is contended that human ingenuity and human hands, at the date assigned to the Deluge, could not possibly 
have constructed a vessel large enough and strong enough for the purpose, and that the means for accommodating, 
feeding, ventilating, and keeping the countless throng clean did not exist. This is largely a matter of common 
sense. The improbability of the occurrence follows on reflection. That there was a vast flood at the date assigned 
to the Deluge, and that it worked tremendous havoc upon man and beast, one can readily believe, but the greatest 
conceivable flood would, at best, be partial, and not wholly, or even very largely, destructive of the human race, 
and of the living things which were man's companions on the earth. 

Noah's Deluge, there is reason to believe, was an echo of a similar deluge described by Hasisadra in a Chaldean 
epic poem of very great antiquity, which was probably based on an astronomical myth. An account of 
Hasisadra's deluge occurs on a clay cylinder now deposited in the British Museum. Noah's Deluge may, without 
outraging Holy Writ, be regarded as allegorical, and as teaching the terrible lesson that those who persist in 
iniquity will inevitably be overtaken by destruction. 

The sacred writings lose none of their priceless value by not being interpreted literally in every case. Metaphor 
and parable are, in numberless instances, employed to convey precepts, and, by implication, commands. The Bible 
has its historical and common sense side, as well as its moral, ethical, and spiritual side. As it is written, it 
appeals to all natures : to the scholar, the theologian, the man of science, the philosopher, the simple, and the 
subtle-minded — to, in fact, every kind of man, and every phase of humanity, past, present, and to come. Taken 
as a book, it transcends in interest all other books. Its pages are to be studied, not cursorily or carelessly at 
intervals, but thoughtfully, reverently, and continuously, with all the knowledge at our command. If there are 
parts of the sacred volume concerning which there are doubts, they are fortunately few in number. The defects, 
or blemishes as some will call them, are, when compared with the perfections and beauties revealed, less, infinitely 
less, than the spots on that most glorious of all orbs — the sun. It has been the practice of certain scientists and 
laymen (the so-called agnostic school) of late years to ignore a First Cause and design, and to discredit religion. 
Nothing is gained, and very much is lost, by this line of conduct. On every hand, in the animate and inanimate 
kingdoms, traces of a First Cause and design are apparent, and religion, in one form or other, is avowed and 
practised by savage, semi-savage, and civilised people in every clime. It has always been so, and the fact is 
significant, as showing the dependent and conditioned state of man in the Universe. If he turns from himself 
to a Higher Being, it is an admission that he recognises a power, and by implication law and order, outside of 
himself, to which he is amenable. It also sho¥rs that he sees in the power, the law, and the order, means to 
ends or adaptation ; in other words, design. Nor does the matter rest here ; his recognition of a Higher Being, 
and of law and order, implies homage, responsibility, and, within limits, a moral faculty which carries with it in 
a more or less concrete form the idea of right and wrong, rewards and punishments, and the belief in a here and 
a hereafter. The dual nature of man as regards bodily and spiritual attributes, and the hope of the continuance 
of life after physical death, early asserted themselves. Certain savages devoured the hearts of heroes slain in battle, 
in the belief that by so doing they would transfer their prowess and valour to themselves. Others were fully 
convinced that after death their spirits entered and took possession of various animals. The latter belief culminated 

' Considering the heiglit of the mountain ninges, it is estimated that water from tliree to six miles deep would have been required to 
submerge them completely. 
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in the doctrine known as the " transmigration of souls," or " metempsychosis/' The doctrine in question plainly 
indicated immortality, of a kind, and foreshadowed a resurrection. 

The religion of the savage is often little more than a gloomy superstition, a craven fear of some impending evil 
which he seeks to avert by unholy rites. The fetish or deity is more to be feared than loved. It is otherwise with 
civilised man. His religion is, or ought to be, cheerfid, for he sees in the Creator and Upholder of all things a Being 
to be implicitly trusted, and Whose love and goodness are unbounded. He perceives also that nothing exists 
by chance, and that everything is foreknown, and, in this sense, predetermined. The higher the civilisation and 
intelligence, the nearer man is, or should be, to the Great First Cause. The stupendous affairs of the universe 
are managed in a way which can only elicit profound admiration and reverence in the properly constituted, 
normal, thoughtful man. If the finite mind does not always grasp the infinite plan, and wrong is apparently per- 
mitted to triumph over right, hate to lord it over love, pain to be substituted for pleasure, disease to take the place 
of health, the good to be downtrodden, and the wicked to flourish, it does not follow, when everything is taken into 
account, that the best is not done for humanity in the aggregate. The wider purview of the Creator cannot be 
adequately grasped, but experience convinces most of us, sooner or later, that " what is, is best." 

That religion is a necessity in the case of individuals, races, and nations is abundantly proved by its univer- 
sality. There is this peculiarity about it, it is spontaneous. It wells up like a spring of pure water, and is, in a 
sense, irrepressible. Not only is it spontaneous, it is also independent. It manifests itself in individuals, races, 
and nations apart from direct or indirect intercourse. It also assumes common phases. In savage and semi- 
savage nations it takes the form of polytheism represented by images or idols, each image or idol indicating a god 
or spirit presiding over certain places, things, or people. As civilisation advances, the number of gods or spirits, 
and the images or idols representing them, become fewer in number. A period at length arrives when the images 
or idols are discarded, and polytheism merges into monotheism. Even in monotheism, however, which represents 
oneness or one God, the idea of plurality can still be traced ; the God of the Christian consisting of Father, Son, 
and Holy Ghost. The God of the twentieth century is, for Christians, a triune God — that is, a Gk)d consisting of 
three persons, parts, or natures, inseparable and perfectly blended. There are, of course. Unitarians, who hold to one 
God in one person, that God being absolute and supreme in all things. 

The three great monotheistic religions are Judaism, Christianity, and Mahometanism. The Jews were the 
first to attain to the lofty conception of monotheism, but even they cling to the belief that a Saviour will one 
day appear on the earth. 

As man rises in the scale of being there is a tendency to unification ; in other words, to a localisation of all 
power, honour, and glory in one great, central Being, Who was, and is, and ever shall be ; Who made all things, Who 
upholds all things, and without Whom nothing can exist here or hereafter. The God here spoken of is crystallised 
in religion at its best. He is the Great First Cause Who manifests Himself by design, and by law and order in 
the universe as a whole ; Who instituted and regulates the movements of the heavenly bodies : Who created the 
great races of plants and animals, and Who inaugurates and supervises every change which occurs not only in 
them but in everything in the heaven above, in the earth beneath, and in the waters under the earth. 

He is the great I Am, the All in All, the Inscrutable Beginner, Upholder, and Finisher of everything, the Eternal 
the Prescient, and the Omnipresent. All conceivable attributes and powers are His, and to know Him it is necessary 
to search for Him everywhere, in religion, in the animate and inanimate kingdoms, and in the physical, mental 
moral, and spiritual universe. It is not possible to separate the Great First Cause from His works, and from man, 
who forms a chief comer-stone in these works. From the first, there has been a relation between the Deity and 
man, and that relation still continues, notwithstanding all that agnostics have said and written to the contrary. 
The convictions and beliefs of millions of intelligent men have a much higher value than the " know nothing " 
speculations of agnostics, however erudite and distinguished these may be. 

With a First Cause or Being possessed of all knowledge and invested with all power. Who sees the end from 
the beginning, and Who provides for every possible contingency, creation is a comparatively simple matter, whether 
that consists of one great act confined to a particular period, or embraces a series of smaller acts extending over 
practically unlimited time. Time as applied to the Eternal has no significance ; with Him a thousand years are 
as a day. 

With such a Being there can be no question of capacity to do anything and everything, and as there is no 
apprenticeship to serve, and no blundering, it follows that the most complex animals are as easily made by the 
Creator as the most simple. This view clashes with the view of evolution, which takes for granted that such perfection 
as is attainable can only be secured by continuous efforts and modifications extending over enormous periods ; each 
succeeding plant and animal becoming more complex and more perfect as time advances. 

The Creator is, by the theory of evolution, practically placed in the position of an artisan learning His calling 
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and feeling His way. He is not regarded as the Supreme Master Who can make a man as readily as a monad. 
The Old Testament assigns Him His proper place, acknowledges Him as the All in All, and credits Him with 
the creation of man as a complete being. There is nothing extraordinary in all this. If a Creator or First 
Cause be admitted, He must be regarded as equal to every conceivable contingency, the creation of man 
included. 

That man was the last animal to be created seems proved by the fact that his remains are not found mixed 
with the remains of plants and animals in the very early rock formations, but only in rocks of later formation, 
although still exceedingly ancient. There are, moreover, no reliable existing links connecting him with the higher 
apes. The Neanderthal skull, with strongly marked superciliary ridges and low, retreating forehead, was supposed 
to furnish such a link, but, as I have already shown, the skulls of human idiots and other degraded forms not un- 
frequently present similar traits (Fig. 225, p. 783). These aberrants are in no sense man-monkeys. The intellect 
of the individual to whom the Neanderthal skull belonged was of a low order, but he was not, on this account, in 
any way related to the apes. There is nothing in history or science absolutely opposed to the belief that man was 
separately created at an early period of the world's history, and the fact that it is so stated in the Old Testament 
entitles the subject to an impartial and even favourable consideration. So long as there is no direct proof to the 
contrary, the question must, in all fairness, be regarded an open one. It certainly cannot be pooh-poohed, and 
while the narratives of the Old Testament do not carry us as far back by several thousand years as the 
records of Egypt and Chaldea, they, nevertheless, afford a very instructive and interesting picture of the legends, 
traditions, manners, customs, modes of thinking, and the power of grasping and dealing with problems of science 
and philosophy. 

The Book of Genesis possesses supreme interest from its giving an account of the Creation, and the origin 
or beginning of man. 

The description given of these great events seems to consist of two different accounts by different authors. 
The composite nature of the book is rendered more or less clear by the first two chapters (first chapter and the 
first two verses of second chapter), and by writing the original Hebrew word " Elohim " for " God," and " Yahve " 
or Jehovah for " Lord God." In the first account man is created last, male and female, with dominion over every- 
thing, animate and inanimate. In the second he is created from the dust of the earth, Eve being formed from 
one of his ribs soon after the creation of the heavens and earth and the vegetable kingdom ; the beasts of the field 
and the fowls of the air being formed from the ground and brought to Adam to be named. 

If the time stated in Genesis for the creation (six days) be interpreted as periods of thousands of years, there 
is much in the account which harmonises with modem science. 



§ 455. Antiquity of Man. 

The great antiquity of man is to be inferred from the ancient histories of Egypt, Chaldea, China, India, 
and other old-world centres of early civilisation ; and from temples, tombs, monuments, inscriptions, and writings 
found in these countries. Egypt is, on the whole, the best known, and yields the richest harvest of 
information. 

The early history of Egypt may be indirectly attributed to King Ptolemy Philadelphus, whose reign began 
284 B.C., and who founded the great Alexandrian Library. This enlightened monarch, actuated by a keen desire 
for the acquisition and spread of knowledge, missed no opportunity of collecting everything which could throw light 
on his own and other countries. " With this view he had the Greek translation, known as the Septuagint, made 
of the sacred books of the Hebrews, and he commissioned Manetho to compile a history of Egypt from the earliest 
times, from the most authentic temple records and other sources of information." Manetho was well equipped 
for his great task, being a priest of Sebennytus, one of the oldest and most celebrated of the Egyptian temples, 
and a very learned and discreet man. His invaluable history was unfortunately destroyed by the conflagration 
of the Alexandrian Library, and all that remains are fragments preserved in the writings of Josephus, Eusebius, 
Julius Africanus, and Syncellus. Eusebius and Africanus give, in a more or less accurate form, Manetho's lists 
and dates of dynasties and kings, beginning with the first King Menes, and extending .to the conquest of Alexander 
the Great, 332 B.C. No fewer than thirty-one dynasties and 370 kings are enumerated in Manetho's liste, and the 
successive reigns of these monarchs include a period of about 5500 years, beginning with Menes and ending with 
the conquest of Alexander. 

Menes, the first historic king of Egypt, is taken to have reigned about 5500 B.C., or 7400 years from the present 
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time. According to recent researches, civilised man dates back 9000 years, and there is reason to believe that 
as we obtain more knowledge we shall find his antiquity greatly exceeds this. 
The following bears on the subject : — 

A recent article in the Scientific American calls attention to the results of excavations which have been carried 
on for some years in the neighbourhood of Naga-ed-Der, in Egypt, by Dr. J. C. Reisner. The site of the work is 
supposed to be that of the first settlement of man in Egypt, some 9000 years ago. The region, now a desert, was 
then fertile, and had an abundant rainfall. Egypt did not then depend on the Nile for its fertility. A number 
of prehistoric mummies have been disinterred, preserved in salt, and wrapped in matting of halfa grass. These 
are specially interesting as indicating the first stages in the art of embalming, which afterwards attained such 
perfection in Egypt. They seem also to indicate that these primitive people held the belief that the body would 
be wanted again. A careful examination of these well-preserved skeletons reveals the important fact that the 
type has not changed in the long interval of 9000 years. They are said to be racially identical with people now 
living in the country. The contents of the intestines are also preserved, showing the food they ate and the 
medicine they took when they were sick. The diseases of which they died could also sometimes be diagnosed. Some 

had perished of kidney disease, others of gall-stones, or 
diseased bones. It is thus shown that these diseases 
are not the result of modern civilisation. 

Everything here said goes to prove the vast an- 
tiquity of man, but as Egypt was a civilised country, 
and possessed large cities and an advanced civilisation 
even during the reign of Menes, many thousands of 
years must be added to the historic existence of man 
on the earth. It ought to be stated that authorities 
di£Eer as to the date at which Menes ascended the 
throne. Maspero fixes it at 4500 B.C. Mariette, who 
has compared Manetho's lists with authentic documents 
from temples, tombs, and pap]rri, and who is the latest 
and greatest authority, fixes it at 5004 B.C., which is the 
date accepted by the majority of modem Egyptologists. 

Manetho's lists and dates could only be confirmed 
by the discovery of contemporary documents in temples 
and tombs, and by hieroglyphic inscriptions on buildings, 
monuments, tablets, &c. Fortunately these have been 
found in considerable numbers. 
The most ancient engraved tablet known is that of Snefura at Wady Magerah. It is beUeved to be 6000 years 
old, and represents the king conquering an Arabian or Asiatic enemy. This tablet is very remarkable, as revealing 
great skill in the accurate drawing of natural objects. The tablet displays two human figures, birds of various kinds, 
a serpent, an insect, hieroglyphics of various kinds, &c. (Fig. 569). The king and his victim are drawn with great 
spirit, the Eastern features being portrayed with amazing precision ; and the birds, especially the birds of prey, 
are outlined with wonderful truthfulness and dash. 

It is impossible to avoid coming to the conclusion that the men, birds, serpents, and insects depicted have 
not changed from the time the tablet was cut till the present. If to the age of the tablet (6000 years) the time 
required to produce a civilisation capable of portraying natural objects with such intelligence and skill be added, 
we are forced to conclude that prehistoric man. must date back at least 8000 or 10,000 years, and that without 
material change. 

Mr. S. Laing observes : " That the extremely lifelike portrait-statues, and wooden statuettes, which were never 
equalled in any subsequent stage of Egyptian art, date back to the fourth dynasty. 

"It is singular that this extremely ancient period is the one of which, although the oldest, we know most, for 
the monuments, the papyri, and especially the tombs in the great cemeteries of Sakkarah and Ghizeh, give us 
the fullest details of the political and social life of Egypt during the fourth, fifth, and sixth dynasties, with 
sufficient information as to the three first dynasties to check and confirm the lists of Manetho. We really know 
the life of Memphis (KXX) years ago better than we do that of Ix)ndon under the Saxon kings, or of Paris under the 
descendants of Clovis." ^ 

Other ancient monuments and tablets, many of which I have examined in Egypt, are found where horses, 

' '• Human Oii^nii.s.' London, 11»0(), j,. -Jl. 




Fig. 569 —Tablet of Snefura at Wady Magerah. 
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oxen, dogB, cats, and other animalB are depicted with equal fidelity, and where no trace of chaise in form can be 
detected. " The tomh of one of the kings of the eleventh dynasty, Entef I., is remarkable aB showing on a funeral 
pillar the sportsman king surrounded by his four favourite dofp, whose names are given, and which are of difleient 
breeds, from a large greyhound to a small turnspit." ' 

A statue of Rahotep's wife, found in 1870 in a tomb near Meydoon, believed to be 5800 years old, represents 
the features of a highly refined, aristocratic lady, who will compare favoutably with the most civilised modem 
Egyptian (Fig. 570). 

All this is in direct antagonism to the theory of evolution and the production of higher from lower forms by 
continuous modification. If men, horses, oxen, dogs, cats, birds, &c., have not perceptibly changed for 6000 
years, it is difficult, and indeed imposBible, to believe that evolution is other than a chimera. If ancient monuments 
fumiah direct proofs of immutability and lability of type for such protracted periods, it is for modem botanists, 
zoologiBts, and physiologists who hold evolutionary views to establish an opposite state of things by actual demon- 
stration. In the presence of such facts it is too much to ask a reading, reflecting, reasoning public to take the 
theory of evolution on trust, and to be satisfied with the gratuitous aseertion that 6003 years are of no 
account in the production of plants and animals. Such unquestioning credulity would not be asked for in any 
other department of natural science. So long as facts hold the field, it is vain for fiction in any form to obtain 
a footing. The fiction is the less to be tolerated when it seeks to 
obliterate all traces of obvious design and the belief in a First Cause. 

The author of " Human Origins " says, " We know for a certeinty, 
from the concurrent testimony of all history, and from Egyptian monu- 
ments, that the different races of men and animals were in existence 
5000 years ago as they are at the present day ; and that no fresh 
creations or marked changes of types have taken place during that 
period." With an authentic record of historic man for 5C00 or 
6000 years and a pre-existing civilisation, doubtless of long duration, 
the age of prehistoric man becomes a subject of extreme and ever- 
increasii^ interest. 

That Egypt could boast an advanced civilisation, at least 6000 years 
ago, seems certain from this, that about this date it had accomplished 
priest-doctors, as stated by Dr. Richard Caton in his learned and eloquent 
" Harveian Oration " for the year 1904. Dr. Caton, in discoursing on 
" Harvey's Life and Work," expressed himself briefly as follows : " It seemed to amount to this, liiat Harvey 
was almost anticipated 6000 years ago by the priest-doctors of Egypt in his momentous discovery of the 
circulation of the blood. As far back as 4000 B.C. Egypt had works on medicine and anatomy, and one 
brilliant genius — forgotten nowadays, and omitted from the cyclopsedias — I-em-hotep, priest of the sua-god 
Ra, and physician to King Torsothros, became so eminent that he was revered as a demi-god after death ; a 
temple was built over his tomb ; and in his honour hospitals were raised in Memphis and other cities. Here 
the priest- physicians treated the sick and embalmed the bodies of men and sacred animals. They were 
[MY)bably the first of mankind to acquire a rudimentary knowledge of the movement of the blood. Their papyri 
contein intelligent references to the heart, the blood-vessels, and the pulse. Of the heart in particular they knew 
much, and their writings refer to its enlargement, fatty degeneration, displacement, palpitation, and pericardial 
eSusion. One remarkable passage of these old-world inquirers speaks of distension of the heart and shortness 
of breath as occurring because the blood has stagnated and does not circulate properly. Not Greece, therefore, 
but Egypt, long before Galen and Hippocrates, was the motherland of rational medicine and anatomy. The 
views of the Greeks on the cireulation of the blood were almost exactly those which the Egyptians had taught many 
centuries earlier. One remarkable means of treatment for incipient valvular disease of the heart which these 
long-forgotten Nile doctors taught, was the method recommended at least 4000 years ago — to let the heart have as 
much rest as possible — a wise injunction, which we may yet practise with advantage. I-em-hotep seems to have 
been an all-round genius — physician, arehitect, astronomer, alchemist — so illustrious that after death he was reputed 
the son of the supreme deity, Ptah — all this and yet nearly lost to fame." 

The duration of prehistoric man's existence can only be guessed, but recent discoveries tend more and more 
to assign him a fabulous antiquity. 

As indicating the advance and slow progress of civilisation, it is only necessary to allude to Dr. Schliemann's 
excavations at Troy and Mycense. This celebrated archeeologist found no less than seven towns superimposed, the 
' Ij. Iding! o{>. Fit., |>. '26. 
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one above the other. The lowest or original town was apparently contemporary with the earliest bronze or later 
neolithic age ; that immediately above it, with an interval of eleven to twenty feet of debris between, being a 
fortified city which had been destroyed by fire, which almost exactly corresponds to the descriptions given of 
Homer's Troy. Troy, as is known, was a walled city, and must for ages have been the seat of a cultivated, powerful 
people, who were far advanced in commerce, industry, and art. 

Amongst other things, Schliemann found no fewer than sixty articles of gold and silver, tastefully and skilfully 
worked, and displaying not only great refinement, but great wealth and luxury. Among the female ornaments were 
magnificent specimens of hairpins, bracelets, ear-rings and diadems. To these are to be added vases and cups 
of terra-cotta, numerous fragments of pottery, &c. The vases are, in many cases, of beautiful and graceful design, 
and of the shape of animals or human heads ornamented with rosettes, spirals, and other designs peculiar to the 
pre-Hellenic civilisation of Mycenae. The third, fourth, fifth, and sixth cities consisted of poor huts built of stone 
and clay, indicating periods of retrogression. The seventh, or uppermost and latest, formed the Grseco-Roman 
Ilion of classical authors. 

The religion of Egypt proclaims the great antiquity of that country. Portions of its Todtenbuch, or Book 
of the Dead, were written prior to the reign of Menes (5005 B.C.). This remarkable work, considered sacred by 
the Egyptians, contains the chief prayers and hymns, and an account of the last judgment. Egypt could also boast 
a religious literature, and works on arithmetic, geometry, mensuration, astronomy, and medicine, all which shows 
ages of preliminary training, and civilisation of a very early and advanced type. 

A knowledge of the exact sciences is, in some respects, a better test of civilisation than religion. The former 
implies long, laborious study ; the latter may be, and often is, referred to inspiration. 

Mr. Samuel Laing states that ^ '^ in their moral law the Egyptians followed the same precepts as the Decalogue 
(ascribed to Moses 2500 years later), and enumerated treason, murder, adultery, theft, and the practice of magic 
as crimes of the deepest dye. ... In fact the state of civilisation in Egypt 6000 years ago appears to have been 
higher in all essential respects than it has ever been since, or is now, in any Asiatic and in many European 
countries." 

The building of the greater and lesser Pyramids involved the possession of an enormous amount of precise 
knowledge in arithmetic, geometry, mathematics, and astronomy. 

Several of the most celebrated cities, temples, and sculptures of Egypt can be traced back to a period long 
anterior to the reign of Menes. The Sphinx may be cited as an example. This, the largest and most extraordinary 
piece of sculpture in existence, was known to Khufu, the builder of the Great Pyramid. In the paws of the 
Sphinx Khufu found and restored a small granite temple, decay in which points to an ever-increasing antiquity, 
concerning which there is no record. 

As Mr. Laing puts it : ^ " There is abimdant proof that at the dawn of Egyptian history, some 7000 years 
ago, the arts of architecture, engineering, irrigation, and agriculture had reached a high level, corresponding to 
that shown by the state of religion, science, and letters. A little later the paintings on the tombs of the Old 
Empire show that all the industrial arts, such as spinning, weaving, working in wood and metals, rearing cattle, 
and a thousand others, which are the furniture of an old civilised country, were just as well imderstood and 
practised in Egypt 6000 or 7000 years ago as they are at the present day. . . . 

" When we turn to the fine arts we find the same evidence. The difficulty is not to trace a golden age up to 
rude beginnings, but to explain the seeming paradox that the oldest art is the best. A visit to the Museum of 
Boulak, where Mariette's collection of works of the first six dynasties is deposited, will convince any one that the 
statues, statuettes, wall-pictures, and other works of art of the Ancient Empire from Memphis, and its cemetery 
of Sakkarah, are in point of conception and execution superior to those of a later period. None of the later 
statues equal the tour de force by which the majestic portrait statue of Chephren, the builder of the second Great 
Pjrramid, has been chiselled out from a block of diorite, one of the hardest stones known, and hardly assailable 
by the best modern tools. Nor has portraiture in wood or stone ever surpassed the ease, grace, and lifelike 
expression of such statues as that known as the Village Sheik, from its resemblance to the functionary who filled 
that ofhce GOOO years later in the village where the statue was discovered ; or those of the kneeling scribes, one 
handing in his accounts, the other writing from dictation. And the pictures on the walls of tombs, of houses, 
gardens, fishing and musical parties, and animals and birds of all kinds, tame and wild, are equally remarkable 
for their colouring and drawing, and for the vivacity and accuracy with which attitudes and expressions are 
rendered. In short, Egypt begins where most modem countries seem to be ending, with a very perfect school of 
realistic art." 

In order to have an adequate conception of the greatness and grandeur of Ancient Egypt, it is absolutely 

> "Human Oii^nns." p. 107. ^ Op. cit., p. 163. 
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necessary to undertake a personal visit to tKe land of the Pharaohs, and to inspect the ancient cities, statues, 
obelisks, temples, bas-reliefs, inscriptions, tombs, sphinxes, pyramids, the innumerable treasures stored in the great 
Cairo and other museums, and libraries, &c. So fully was I convinced o£ this necessity that I undertook & journey 
in the Nile Valley (as far as the Second Cataract) in the years 1904-5. Untold wonders met my gaze, and of these 
I took careful and copious not«8. On my return to Cairo I spent five hours daily in the museum for several weeks, 
but found the time all too short for the stupendous task which lay before me. I, however, saw and recorded enough 
fully to convince me that Egyptian civilisation had attained a much higher standard than is generally realised. I 
was especially struck with the greatness and grandeur of the temples, the extraordinary siee and interest of the 
tombs, the marvellous accuracy and beauty o£ the statues and bas-reliefs, the faithfulness and vigour with which 
men and animals of all kinds are depicted, the number and elegance of the tablets and inscriptions, and the general 
refinement and luxury everywhere discernible. The Cairo Museum is simply overwhelming in extent and contents 
— statues, large and small, of men, quadrupeds, birds, reptiles, fishes, insects, &e., in every conceivable material— 
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wood, clay, the hardest rocks, pottery, Ac. ; endless sarcophagi with their owners exposed ; amongst others, Rameses 
the Great and his father Seti I. The sarcophagi are numerous, and are in many instances wonderfully ornate, and 
the same is to be said of the coffins, which, as a rule, display the most exquisite designs and the most extraordinary 
richness and harmony in colour. The later coffins bear on their lids portraits of the departed. The impression 
left on my mind was one of endless detail and vastness^a feeling accompanied, on certain occasions, by mental 
fatigue from sheer inability adequately to realise and partake of the rich repast spread before me. The illuminated 
papyri of themselves formed a veritable literary feast. Altogether the Cairo Museum is, in many senses, unique. 

I append photographs of mummies, statues, and some of the better known works of art. 

On the whole the most striking objecta in the museum are the mummies, especially those of King Seti T. and 
his son Rameses II. (the Great). The latter was supposed to be the Phaiaoh who harassed the Israelites, and who 
was held in awe by all his subjects (Figs. 571 and 572). 

Rameees II. was by far the most famous monarch ever known in Egypt. He was great in every direction, 
as a builder of temples, as a warrior, and as the producer of numerous fine works of art. 

The following description of his personal appearance was taken by me from his mummy on February 17, 1905. 
My brief notes on the subject are as follows : Strong features, somewhat Roman nose, mouth lai^e, firm, and a little 
depressed at the comers, chin projecting and powerful. Dome of head sloped backwards and not very high ; it 
is also narrow. Very firm face — almost cruel. A little brownish hair on either side of head. Good ears. Hands 
large and long ; feet ditto. Tall man. No trace of negro in features. Two teeth seen in right side of mouth. 

The account given in my notes of Rameses II. applies with some slight modifications to his father, King Seti I. 
The head and face of the latter are remarkably fine, better than those of Rameses II., but the same cast of features ; 
more benign. The dome of the head is superior tu that of Rameses 11., and the face is more refined. There is a less 
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pronounced Roman nose, a smaller mouth, and a weU-roimded, prominent chin. The handn are crossed and touch 
the ahouldera. The hands, as in Barneses 11. , are large and long. King Seti I. was not so tall as his son, Rames«s 11. 

RameJies II. has left traces of his career all over Egypt. He made many statues of himself, some remarkable 
for their great size. The celebrated temple of Abfi Simbel, which was hewn out of the living rock to » depth of 
185 feet, is adorned with four of these huge statues seated on thrones, each measuring fifi feet in height. 

The statues are evidently meant to be likenesses of Rameses II., and their enormous proportions can be readily 
made out by comparing them with those oE an adult man. 

A photograph of the statues and the temple of Abu Simbel is given at Fig. 573. 

A remarkable feature about the early Egyptian statues is that a large percentage of them were composed 
wholly of wood. Latterly, they were fashioned from all kinds of materials, even the hardest stones. The wooden 
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statues, everything considered, are wonderfully preserved. They are, in some cases, mutilated, but, in 
instances, are quite intact. 

One of the best examples of the wooden statues is that of the Sheik el Beled, which is acknowledged to bt 
fiOOO years old {Fig. 574), known as the Village Sheik. It was found by M. Mariette at Sakkarah, and represents a 
contemporary of fheops. It is I m. 10 cent, high, and shows the sheik in a standing position, staff in hand. The 
feet and lower ])ortion of the left leg were wanting, and have been judiciously restored. The statue was originally 
deposited in the Boulak Museum, but has now been transferred to the ("airo Museum, where I have examined il 
critically on several occasions. 

It represents a perfect man aa regards head, features, body, and limbs. It is nearly nude, so that the form and 
proportions of the several jiarts of the body can be conveniently studietl. The head is large and finely propor- 
tioned, and the face intelligent and benign. The eyes are wide apart, the nose well developed, and the mouth 
and lips firm and expressive. The ear is properly modelled, and displays a highly developed lobe. The trunk 
is broad, well nourished, and symmetrical ; the shoulders and chest being specially powerful. The limbs and hands 
are remarkably well shajoed ; the limbs being brawny, and the hands perfect in all their details. There is nothing, 
in any part of the statue, to indicate even a trace of Simian origin ; on the contrary, it reveals a perfect man, who 
has evidently not changed in the least for (JOOO years. This indicates an extraordinary persistence of tvpe in the 
human race. What is said of this particular statue holds true of other statues. I>as-relief8. and drawings of men 
and women foimd in large numbers in Egyptian temples, and on Egyptian monuments, tombs, clay cylindeav J 
Twnvri. &c. ^m 
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The beautiful limcBtone statue of the prieat-god, Ra-nepher, a photograph of which I give at Fig. 575, is 
perfect even in all its detaila. 

I give photographs of some of the beautiful lias-reliefa which wore found in the temples and tomba. Among 





these is one of the gixldesB Ibis (Fig. 07fi), who is represented semi-nude and in a sitting position. This bas-relief 
is remarkable for its bold drawing and fine finish. 

I also give a photograph of a bas-rehef with two males and two females. One of the males has a hawk's head, 
and the females are of extreme physical beauty. The tracery of this bas-relief cannot be Burpaesed (Fig. 577). 

I further give a photograph of a bas-relief with six figures, three of which are represented as having bird's heads. 
All these figures are depicted with great accuracy and power (Fig. 578). 

Finally, in Fig. -W), t give a photograph of a bas-relief with four figures, three of them having crowns and one 
a crocodile's head ; here, again, the subtlety of Egyptian art is strongly in evidence. 

While Bgypt contains no monuments of the stone age similar to those found in Swiss lake villages and Danish 
kitchen -middens, indicating the rude beginniugs of civilisation during the neolithic and prehistoric ages, there is, 
nevertheless, abundant evidence to prove that in the Nile Valley, long before the reign of MeneB, the preliminary 
stages of civilisation had been gone through. 

vol.. in. 2 L 
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Borings made by Horner in the valley of the Nile yielded ptoducta which nnnuBtaksbly indicate a higli 
antiquity. This archeeologist sunk no fewer than ninety-six shafto, in four rows, at e^^ht-mile intervak, acroM 
the Nile Valley and at right angles to the river in the vicinity of Memphis. 

The shafts were sunk to various depths. Of these some yielded pottery which, at the ascertained late of deposit 
of Nile mud (3 inches per century], carries us back at least 11,000 years. 

Another shaft at a depth of 24 feet yielded a copper knife, and at 60 feet pottery. A depth ol 60 feet, at 
the normal rate of deposit of Nile sediment, indicates an antiquity of 26,000 years. The copper knife makes it 
probable that an age of copper preceded that of bronze. 

Further evidence of the antiquity of the Egyptians is furnished by the discovery, by IVofoonoT Haynn. of 
flint implements of the neolithic and pabeotithie tfpe, and a 
flint workshop or factory in the neighbomliood of Curo. 
Haynes also found large quantities of woriced flinta of the 
common neolithic and palfeolithic types lying in all dinctwm 
in the bills near Thebee. These and other finds Mr. Campbell 
avers " are beyond calculation older than the oUwt Egyptian 
temples end tombs." 

The foregoing favours the belief that Egyptian driliMtioii 
was of extremely slow growth, and that man, aa a OMuequence. 
has a very much higher antiquity than is usually aingned 
to him. 

Modem research in Egypt and elsewhere haa had the 
effect of exciting doubt as to the accuracy of oartain Biblical 
dates. 

Up till the middle of the nineteenth centniy, and more or 
less to the present day, it was believed that Adam, the fint 
accredited member of the human race, was created about the 
year 4004 B.C., or 5911 years from the present time, and that 
the Deluge occurred 1656 years later than the creation of man. 
namely, 4255 years from the present day. If the same standanl 
for estimating ancient and modem time be adopted, it appesn 
that a revision and modification of Hebrew cbronoli^y will 
become necessary. According to Mr. S. Laing,' " the latest 
conclusions of modem science show that uninterrupted historical 
records, confirmed by contemporary monuments, cany history 
back at least 1000 years before the supposed Creation of Haa. 
and 2500 years before the date of the Deluge, and show then 
no trace of a commencement, but populous cities, celebrated 
temples, great engineering works, and a high state of the arts 
and of civilisation, already existing." 

It will be seen that, however great the antiquity of historic 
man, prehistoric man must be regarded as immeasurahir 
older. The antiquity of prehistoric man will always remain 
a matter of uncertainty, but recent investigators agree as to 
the necessity of referring his origin to an incalculably remote period. 

The historical records furnished by Egypt in the way of documents, temples, tombs, monuments, tablets, 
hieroglyphic inscriptions, &c., have been corroborated in the most remarkable manner by recent discoverii-; 
in Chaldea. 

The Chaldean records carry us back as far or even further than the Egyptian ones. In the earliest (Galilean 
records there is a good deal that is mythi<^a!, but the later records rest on secure foundations. The first Chaldean 
writ«r of note was Bercsus, a learned priest of Babylon, who nourished about rJOO n.c, and who wrote a histon' M 
his country in fJreck, relying for his information on materials preserved in the temples, and on hoary tradition 
His history was unfortunately lost, b»it from fragments preserved it, curiously enough, began with a cosmogony 
which bears a certain resemblance to that of Cenesis. It then deals with the reigns of ten gods or demi-gods which 
occupied a period of 4,.'f2.'),0(K) years, about the middle of which i»eriod a deluge similar to Noah's Deluge is statcJ 
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to have occurred. He (BeroBus) mentions that, prior to the deluge, Chsldea was peopled by a mixed foreign race, 
who lived without order, like animals. 

He then carries back the existenco of man to a period anterior to his deluge, which occurred some 216,000 
years B.C. 

Berosus, strangely enough, also refers to the Tower of Babel and the confusion of languages. 

The Chaldees were assigned an antiquity of 3000 years b.c. by their monumenta and sculptures, and these, 
in many instances, were covered with curious, wedge-like, cuneiform inscriptions. Many sculptures bearii^ those 
strange and unknown cuneiform characters were found by Botta and Layard in the heaps of rubbish which 
covered the ruins of Nineveh. 

As the Persian kings reigned over a mixed people, their edicto were not unfrequently published in three 
languages ; namely, old Persian and Zend, Semitic or Aramaic allied to Hebrew, and Turanian. The trilingual inscrip- 
tions referred to gave the cue to their meaning, and by the exercise of great ingenuity and patience Grotefend, 
Rawlinson, Bumouf, I.ia8Ben, and Oppert succeeded in deciphering the first two languages. Sir Henry Layard was 
the means of deciphering the third. This distinguished archceologist discovered under the great mound of Koyunjik 
near Mosul, on the Tigris, the site of ancient Nineveh, and of the royal palace of Sardanapalus, grandson of Senna- 
cherib, one of the most celebrated of Assyrian monarchs, who flouriehed 650 b.c. or thereabouts. 

The palace contained a royal library rich in Assyrian and Chaldean literature, carefully selected from the best 
examples of previous libraries and from temples, monuments, &i;. The records were in a marvellous state of preserva- 
tion, from the fact that they were written by means of a style, not on perishable papyri paper or skins, but on 
cylinders of soft clay, which were subsequently baked in ovens or sun-dried, and, by this means, rendered practically 
imperishable. Some 10,000 tablets from the royal library of ancient Nineveh have already found their way into 
the museums of Europe, and give a graphic account of the social life, literature, laws, and religion of a period prior 
to the Deluge of Noah, and, some are inclined to believe, prior to the date usually attributed to the creation of 
Adam. 
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The Chaldean records were preserved in yet another way. It was customary in the earliest times, as it is now, 
to build up in, or under, foundation stones of temples, public edifices, &c., accounts of passing and important evenU. 
The hard clay cylinders with their cuneiform inBcriptions in this way became invaluable repositories for all kindi 
of early old-world knowle<^e. Nabonidus, the last King of Babylon, who flourished 560 B.C., was, fortunately for 
posterity, a zealous antiquarian, and spent much of luB time in unearthing the memorial cylinders placed in the 
foundations of important ancient temples and buildings by their founders and restorers. He, in his turn, was t 
restorer and depositor of cylinders, and so the foundation -cylinder literature became continuous. 

Nabonidus, in restoring the Sun-temple at Larsam, found in a perfect state of preservation in its chamber 
under the comer stone the cylinder of King Hummurabi, a well-known historical king, who created Babylon the 
capital of Chaldea about the year 2000 B.C. King Hummurabi's cylinder explains that the Sun-temple was begun 
by Ur-ea and completed by his son Dungi, 700 years before his own time. The date of Ur-ea is thus fixed st 
2700 B.C., or thereabouts. 

Another cylinder furnishes a yet earlier date, namely, that of Sharrakin or Sargon I. of Agade. King Nabonidus, 
who found the cylinder in repairing the great Sun-t«mple of Sippar, says " that having dug deep in its foundatione 
for the cylinders of the founder, the Sim-god suffered him to behold the foundation -cylinder of Naram-Sin. son 
of Sharrakin {or Sargon I.), which lor three thousand and two himdred years none of the kings who lived before his 
time had seen," This shows that Naram-Sin flourished 3750 B.C., or, making allowance for the protracted reign 
of Sargon I., about 3800 b.c. This discovery carried back the Chaldean chronology 1000 years before the date 
of Ur-efl, and made it contemporary with the fourth Egyptian dynasty, when the Great P3Tamid8 were built. The 
Sphinx is known to be considerably older than the Pyramids. 

Sargon II., who reigned 2000 B.C., or thereby, founded or enlarged the library at Erech, one of the oldest and 
best known cities of Lower Chaldea. Ercch boasted a priestly college, and was known as the " city of books." 
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It was a sacred city, and had a famous necropolis with innumerable tombs and graves, which embraced all periods 
of Chaldean and AsB)rrian history to the remotest times. 

SargOQ n., a perfectly authentic character, affirms in his tablet that 350 kings had reigned before him. If 
this very large number of kings had reigned 2000 B.C., it follows that the chronology of Sargon II. would considerably 
exceed that of Egypt, and so push further and further back into the remote past the origin, rise, and progress of 
the human race. 

It was at one time supposed that Assyria possessed no statues, but H. de Sarzic not only discovered but brought 




home nine lat^e statues of Turanian type hewn out of diorite, a very hard, black basalt. Small statues were also 
found of men and animals very artistic in design and of elaborate finish. Cylinders were abo found, and on all 
were cuneiform inscriptions givii^ important and interesting information. One of the statues represented Gud-ea, 
one of the priest-kings, who, according to the best authorities, lived 4000 or 4500 B.C. The priest-kings lived at 
the same time as or even preceded the earliest Egyptian kings, and the remarkable thing, in both cases, is, that at 
that very early period the arts and civilisation in both countries were as advanced as they were 2000 oi 3000 years 
later. " With these facts it will no longer seem surprising that some high authorities assign as early a date as 
6000 B.C. for the dawn of Chaldean civilisation, and consider that it may be quite aa old or even older than that 
of Egypt." 

When it is remembered that the dates quoted above represent not a beginning of civilisation but a civilisation 
already ancient, possessing great cities, organised society, magnificent temples, a priesthood, religions inculcating 
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moral ideas, a system of writing, and books, a knowledge of agriculture, the fine arts, and astronomy (the greatest 
of the sciences), we are constrained to extend the dates almost indefinitely. 

Bunsen is of opinion that it may have taken 10,000 years to bring about this order of things, but even this 
time seems altogether inadequate. 

The eloquent author of " Human Origins " (p. (35) thus summarises this important and deeply interesting 
subject : " During the whole of this historical period of 6000 or 7000 years there has been no change in the 
established order of Nature. The earth has revolved round its axis and round the sun, the moon and planets have 
pursued their courses, the duration of human life has not varied, and there have been no destructions and renova- 
tions of life or other traces of miraculous interference. And more than this, we can affirm with abaolute certainty 
that ()000 years have not been enough to alter in any perceptible degree the existing physical types of the different 
races of men and animals, or the primary linguistic types of their forms of speech. The Negro, the Turanian, the 
Semite, and the Aryan, all stand out as clearly distinguished in the paintings on Egyptian monuments as they 
do at the present day ; and the agglutinative languages are as distinct from the inflectional, and the Semite from 
the Aryan forms of inflections, in the old Chaldean cylinders as they are in the nineteenth century." 

Before leaving this part of my subject it is of the utmost importance to insist that during the long periods 
referred to neither man nor animals have changed their type. Those who have written upon evolution have 
endeavoured to account for the permanence of type in the Nile Valley by saying that the conditions of the Nile 
Valley have undergone no change for practically an unlimited jxjriod. 

Professor Huxley asserts that certain animals in the neighbourhood of the Falls of Niagara have not changed 
at all for 30,000 years. 

§ 456. The Human Race in Greek and Roman Times. 

To come down to Greek and Roman tinier, say 400 B.C., or 2.*J00 odd years from the present, one is struck with 
the remarkable physical and mental beauty and power of the people ; especially their perfect synunetry, dignity, 
and grace. 

I illustrate this part of my subject with four plates of photographs of busts, nude and other figures, in bronie, 
marble, wood, &c., by the great masters of antiquity. 

The busts and statues in question, in order to be fully appreciated, must be seen and studied in the original 
as they occur in the Vatican, in the Capitol, and in public and private collections in Rome, Naples, and elsewhere, 
where it has been my good fortune and privilege critically to examine them. 

PLATE CLXXIX 

Plate clxxix. contains photographs of ideal and actual busts in bronze and marble found in Pompeii, Hercu- 
laneuin, Rome, and other ancient cities. The busts, of which only a few are photographed, are remarkably numeioiis, 
and are in a splendid state of preservation. They represent some of the most celebrated characters of antiquity, 
and are the work of the best Grecian and Roman sculptors. This plate contains a fine portrait of Dante by the 
famous artist, Raphael ; Dante forming a connecting link between ancient and modem man. 

The first three figures give spirited delineations of a victorious athlete, the goddess Minerva, and the old-world 
poet. Homer, more or less ideal in character. Finer heads and faces cannot anywhere be found. They dispky 
valour, wisdom, and poetry at their best. More exalted conceptions of physical and mental strength and beauty 
cannot be conceived. 

'Vha remaining figures consist of marble and bronze bu8t« from the life, and include those of Sophocles, the 
Greek tragedian ; iEschines, the celebrated advocate and orator, the rival of Demosthenes ; Livia, the wife of tiic 
Emperor Augustus ; Seneca, the philosopher ; and, as indicat<?d, a striking portrait of the immortal Dante by 
Raphael, verified by a cast of Dant<;'8 face after death. 

Figs. 1) to IG also represent ancient Greek and Roman philosophers, warriors, statesmen, and men of letten, 
among whom may be mentioned Aristotle, the greatest conqueror in the world of thought, who laid the foundation 
for the scieiices of natural philosophy, mechanics, ])hysiology, and natural history ; Socrates, the great teacher 
of morality; Cicero, the statesman and orator; Virgil, the gre^t Roman jK)et ; and Marcus Aurelius Antoninus, 
the crown and flower of Stf)icism. 

Fkj. 1. — Huad of a victorious athloto (Paris — Musv'o dii Louvrt')- This head, finely domed and proportioned| is an embodi- 
nioni (»f physi<al Htnuss and power, as indicated by the expanded nostrils and firmly set, compressed lips. It prohably takes ns 
bivok i<X)<) years. It would be difheult to find a more powerful head and face. 
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PLATE CLXXIX {rmitinued) 

Fig. 2. — Head of Minerva in marble (Naples — Museo Nazionale). The head of Minerva is the personification of knowledge, 
wisdom, and resolve. It represents the hif^hest conceivable type of womanly beauty, as indicated by the lofty, finely rounded 
brow, the dreamy eyes, the delicately chiselled nose, the full, soft lips, and the well-formed chin and lower jaw. In the whole range 
of statuary no finer head and face can be discovered. This gem of womanly perfection cannot be matched, far less surpassed, by 
any existing specimen of woman. 

FiQ. 3. — Marble bust of Homer (Naples — Museo Nazionale). The bust of Homer, the blind Greek poet, furnishes a head 
and face of remarkable power, earnestness, and sweetness. The wrinkled forehead, the up-turned sightless eyes, the strong, well- 
formed nose, the careworn cheeks, the partly open, down-turned mouth, prominent chin, and flowing hair and beard, combine to form 
a semi-sad, singularly attractive, thoughtful face. This bust, which dates from the early Greek period, is more or less ideal, but the 
countenance b^rs the impress of reality, and cannot be matched by that of any modem poet. 

Fig. 4. — Marble bust of Sophocles ^Naples — Museo Nazionale). The marble bust of Sophocles is probably from the life, and 
one of the numerous bust portraits which have fortunately been preserved to us. Sophocles, the famous Greek tragedian, has a 
noble head and face — a lofty forehead, thoughtful eyes, a good nose, delicate attenuated cheeks, a firm mouth, and clustered, wavy 
hair and beard. The expression is singularly beniv n and pensive. It would be difiicult to find a better balanced head or a more 
refined, thoughtful face. The bust of Sophocles will hold its own with that of any modern intellectual man. 

Fig. 5. — Marble bust of iCschines (Naples — Museo Nazionale). The bust of iEschines, advocate, orator, and rival of Demos- 
thenes, is evidently from the life, and displays a remarkably powerful head and face. The dome of the head is at once high, broad, 
and massive, and the cast of features firm and decided ; the eyes are penetrating, the nose well formed, the mouth firm set, the 
lower lip, chin, and lower jaw being full. The head is slightly bald, and the ear has a well-marked, dependent lobe. No finer 
head anatomically can anywhere be found among modern orators. 

Fig. 6. — Bronze bust of Livia (Naples — Museo Nazionale). The bronze bust of Livia, the wife of Augustus and the mother 
of Tiberius, is characterised by a finely domed head with profuse wavy hair. The face is one of reserve power, as indicated by the 
full eyes, the straight, well-defined, full nose, the closed mouth with ample, finely curved lips, and the rounded, projecting chin. 
There is a certain saucy hauteur in the face which bespeaks force of character. This bust, found in Herculaneum in 1753, dates 
back more than 1800 years. 

Fig. 7. — Bronze bust of Seneca (Naples — Museo Nazionale). This bronze bust, found at Herculaneum in 1754 and believed io 
be that of Seneca, displays a very large, compact, powerful head, with a very striking, eager, discriminating face. The dome iA 
the head is high and broad, and the brow furrowed, as becomes a philosopher. The eyes are penetrating, the face wrinkled, 
the mouth partly open, with thin, firmly set lips. The bust dates back at least 1800 years. It bears a very considerable likeness 
to Woolner's bust of the Chelsea sage, Thomas Oarlyle, one of the most famous of modern thinkers. 

Fig. 8. — Drawing of Dante crowned with bay (Rome — Vatican). This drawing by R^hael of the head and face of Dante 
is an exceedingly fine work, and is substantiated in all its details by the cast taken of Dante's face after death. It shows s 
finely shaped brow, dreamy, far-off eyes, a prominent aquiline nose, an expressive, firm mouth, and a projecting, rather pointed chin. 
The face is no ordinary one, and wears a very sad expression. Dante dates back 600 years. He connects the antique and modem 
heads, and stands boldOy out as one of the greatest intellectual forces of all time. He is one of those who appear at long intervals, 
and are not repeated, which they certainly would be, if man was a mere evolution. 

Fig. 9. — This bust of Alexander the Great (Rome — Museo Capitolino) is full of beauty, and is suggestive of conscions strength 
The features show very fine proportions, and the head is turned aside as though scorning his vanquished foes and looking for new 
worlds to conquer. 

Fig. 10. — Marble bust of Aristotle (Rome — Museo Capitolino), the pupil of Plato, who was by heredity associated with the 
science of medicine. The highly arched eyebrows of this figure, with the eyelids slightly closed, show character and concentration 
of thought. The cheek bones are prominent and the mouth firmly set. 

Fig. II. — As might be expected, the head of Socrates (Rome — Vatican), the greatest of Greek philosophers, is unusually well 
formed. The forehead is massive and the skull well domed. The eyebrows are prominent and the nostrils broad. The whole 
face is powerful, and suggestive of intellectual activity. 

Fig. 12. — This figure represents Cicero (Rome — Vatican), the man of letters and Rome's greatest orator. The face is a strong 
one, and full of character. The nose is well bridged, and the whole face is that of a leader of men. The head is supported by 
a short but not too thick neck, and the whole speaks power. 

Fig. 13. — Bust of Julius Ciesar (Rome — Museo Capitolino). This is a very fine type of head, with high cheek-bones and piercing 
eyes. The ear is well formed, and proportioned to the rest of the head. Alertness is depicted in every feature, and the firmly set 
mouth shows determination and fortitude. 

Fig. 14. — Bust of Virgil (Rome — Museo Capitolino). This masterpiece of sculpture is full of form and grandeur. Thought 
and expression are indicated by the eyes and giaecful mouth. Tliia heuif represents the ideal of the Greek canon. 

Fig. 15. — Bust of Marcus Aurelius Antoninus (Rome Vutican). In this bust the head and face have short, curly hair, 
but through this we may see a finely formed skull. The uyos sliow penetration and quickness, and the poise of the heatl 
is good. 

Fkj. 16. — (Miintua — Museo Civico di Sculturji^. The subject of this bust is unknown, but the fine head with full face is a 
specimen of t)ie best (ireek sculpture. T)ie face denotes detenninutioii and stren<;tli, and the thick, muscular neck may lie that 
of a wurrior or uthlete. 

Note. — The conclusion to be dniwn from a considenition of the antique lieiids contained in Plate clxxix. is that 2000 or morv 
years ago tlie human head and face were as liit;l)ly dcvelt>pe(l and as perfect as they are to-day. There is nothing to show 
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that man is being evolved from a lower to a higher condition, or that he is changing his bodily parts. It may even be doubted 
whether the intellectual faculties are more exalted The intellectual achievements of the Greeks and Romans are, in some 
respects, as remarkable as those of modern men. The particular forms of the intellectual activities have changed, but it may 
l>e contended that the range and power are little altered. Homer compares more than favourably with anv modem poet, and 
Aristotle with any modem phi]o8oi)her. The evolutionists evade these and other aw kward facts by maintainmg that 2000 years 
is an altogether inadequate time to indicate physical and mental development in man. But, as already stated, we can carry the 
argument six or more thousand years back in the case of the wooden statuette, ^* The Village Sheik/' deposited in the Cairo 
Museum, which, according to the chronological table of Mariette, is over 6000 years old. A period of over 6000 years cannot be 
pooh-poohed in considering the origin, development, and history of man. 

PLATE CLXXX 

Plate clxxx. contains photographs of four typical nude figures : a male and female (modern), and a male and 
female (antique). Fig. 1 is an exquisite life study of a girl by Gerome ; Fig. 2 a celebrated Venus in bronze (Venus 
of Ostia) ; Fig. 3, the renowned Greek boxer, Damoxenus, in marble by Canova ; and Fig. 4, the famous Discobolus 
or disc-thrower in bronze. 

Figs. 2 and 4 are antique gems of the first order, and it will be seen that they compare very favourably with 
the modem Figs. 1 and 3. The modem figures are identical in every particular with the ancient figures, and the 
former can boast no advance or improvement on the latter. As a matter of fact, modern men and women do not 
occupy a higher platform, physically, than ancient men and women. 

The figures of this plate are instinct with life and movement, and represent physical humanity at its best. The 
pose of the several figures is grace itself. The figures have been selected for their anatomical excellences, for purposes 
of contrast, and because the positions of the limbs are tme to natuire. The upper and lower limbs, it will be observed, 
are arranged diagonally in pairs ; the diagonal positions being due to diagonal screwing movements occurring in 
opposite directions at the shoulders and hips, first pointed out by me in 1867, when describing the movements 
of walking, swimming, and flying.^ In that year I explained that when a man walks, his right arm and left leg 
advance together diagonally in curves to form one step ; his left arm and right leg advancing together diagonally 
in curves to form a second step. The same holds tme of the fore and hind limbs of horses and quadrupeds 
generally (Plate clxxxi.. Fig. 4). In the latter cases the right fore and left hind legs advance together diagonally 
in curves ; the left fore and right hind legs, in due course, performing similar movements — the two sets of diagonal 
curved movements alternating. The limbs of bipeds and quadmpeds in the act of walking and mnning produce 
what are virtually figure-of-8 tracks in space. 

Fig. 1. — (lirl placing with balls — nude female figure from the life by Qerorae. In this beautiful figure the right shoulder is 
raised and the right arm screwed forward ; the left arm being depressed, and the left leg screwed forward. Here the diagonal 
screwing or twisting at the shoulders and hips is seen to perfection. One diagonal lialf of the body is advanced while the remain- 
ing diagonal lialf occupies a posterior position. The head is slightly averted and looking over the left shoulder. It is impossible 
to conceive a more graceful or effective pose, as it brings out all the fine curves of every part of the body. 

Fi(}. 2. — Famous antique Venus (Venere di Ostia — Rome, Lateran). In this celebrated antique figure the same points are 
illustrated as in Fig. 1 ; the only difference being that the right shoulder is depressed and the right arm screwed forward or 
advanced ; the left hip being elevated and the left leg screwed forward or advanced In both cases, the lower limbs are more or 
less twisted and plaited. 

Fui. 3. — Celebrated marble statue of the Greek pugilist, Damoxenus, by Canova (Rome — Vatican). In Canova's splendidly 
modelled, powerful nude figure, the diagonal twisting action at the shoulders and hips, and the forward, diagonal, twisting 
movements of the arms and legs are well portrayed. The figure is a literal personification of determination, strength, and 
aggressive action. The head is powerfully modelled, and the face is a veritable study of courage and fierceness combined. The 
muscular masses of the body and limbs are thrown into bold relief, and display wonderful vigour of movement. The left 
shoulder and left arm are slightlv dep:essed and screwed forward, the latter bemg folded or bent upwards. The right hip and 
right leg, on the contrary, are slightly elevated and screwed forward, the latter being extended. The right hand is open and the 
left one firmly closed. The hands and feet are depicted with extr.iordinary skill, even in matters of detail; the latter being 
firmly planted on the ground. 

Fi<}. 4. — One of the two far-famed antique bronze statues of the Discoboli, or disc- throwers, from Herculaneum (Discobolo in 
atto di aver lanoiato il disco— Naples, Museo Nazionale). As there are two of these statues, the one bjing the converse or 
opposite of the other, many are of opinion (und I incline to their view) that the disc-throwers are in reality athletes about to engage 
in a wrestling combat. I'he verv lifelike disc-thrower— or, as I prefer to describe it, wrestler — still further illustrates and empha- 
sises the screwing occurring at the shoulders and hips, and the synchronous, diagonal, forward movements of the right shoulder 
and right arm, and the left hip and left leg. The wrestler, as indicated, is one of two renowned statues — the other statue 
closely resembling the one here given and facing it. The statues represent two athletes bending forwards and approaching each 
other with the object of closing anl getting into grips. Each athlete is eagerly and anxiously watching his opportunity to seize 
his opponent, and the arms and legs are in the best possible position for that purpose. The right arm is ad vane .d and flexed, and 
the fingers of the right hand are spread out in eagerness to grasp and lay hold ; the left leg is slightly bent and the left foot 
firmly placed on the ground. The left arm and fingers also indicate a desire to seize ; the right leg being nearly straight, vrith the 
toes firmly planted on the ground and affording additional support. 

* ''On the Merrhaniml Apiiliaiici's by which Flight is attaiiK^l in tht* Animal Kingdom " (Trans, Linn. iSVx*., vol. xxvi.). See also *' Walking, 
Swimming, and Flying*' (Anglo-American Science SeiieH, 1S7;<). 
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Plate clxxxi. contains photographs of four celebrated antique statues (one of them equestrian) in marble and 
bronze. They are remarkable for their grace of deportment and lifelike vigour, and cannot be surpassed as 
specimens of ancient art. They are very valuable as showing that physical men and women and horses were as 
perfect two or more thousand years ago as they are to-day. They illustrate the diagonal screwing movements at 
the shoulders and hips described in Plate clxxx. 

Fio. 1 — Antique statue in marble of Venus con(]uerini( (Naples — Museo Nazionale). This fine work has the lower portion 
of the figure draped, and is regarded by many as the finest ofall the Venuses. It is certainly instinct with life, and the head, face, 
and figure reveal a beauty, refinement, and grace all their own. The drapery is remarkably well arranged The twisting at the 
shoulders and hips referred to in Plate clxxx. is further illustrated and confirmed ; the right shoulder being depressed and the rit^ht 
shoulder and arm screwed forward ; the left hip being depressed and the left hip and le^, which are conceded by the drapery, 
screwed forward The right arm, wliich is lowered, is extended, and the four fingers pointing forwards and downwards ; the left 
arm, which is raised and slightly flexed, has the hand partly closed. The limbs, head, faca, and body are ex(]uisite in their detail, 
and reveal a grace and beauty of outline not surpassed by any ancient or modern statue. Certainly no modem woman could 
surpass it. Physically it is perfect as a representative of humanity at its best. 

Fig. 2. — Antique Famese Flora in marble (Naples — Museo Nazionale). This fine statue was found in the baths of Caracalla, 
Rome, and is a work of the early Roman empire, probably a reproduction on a colossal scale of a much smaller Greek tirigiDal. 
When found it was minus the head, arms, and feet. These have been judiciously and skilfully restored. The Famese Flora 
as regards head, face, limbs, body, and drapery in unique. The drapery is witchingly trans^iarent, and the position of the body 
and limbs leaves nothing to be desired. The left shoulder and left arm are advanced ; the latter being nexed and holding s 
bouquet of flowers. The right leg is advanced and extended. The right arm is nearly straight and partly withdrawn; the 
right hand raising and supporting a portion of the delicate drapery. The left leg is partly withdrawn ana flexed. The body and 
lower limbs are seen through, and their fine proi)ortions enhanced bv, the marvellous drapery. The disposition and arrangement 
of the limbi is especially charming. The diagonal twisting at the shoulders and hips is well marked, and there is this peculiaiity 
(and it produces an admirable effect) — the right arm is straight and the left leg flexed, ^ hereas the left arm is flexeid and the 
right leg is straight. There is, therefore, a striking contrast not only in the diagonal positions of the arms and legs, but 
also as regards the flexion and extension of the arms and legs on opposite sides of the body. 

Fig. 3.— Antique bronze Mercury seated and in repose, found at Herculaneum (Naples — Museo Nazionale). The lifesize 
statue of *' Mercury, the messenger of the gods," in a sitting position, is a work of very outstanding merit, believed to be Greek. 
The head and face are splendidly modelled, and the entire figure reveals a high type of physical man in early elastic manhood. The 
body is strong and finely curved, and the limbs powerful and delicately outlined ; the hands and feet being exquisitely formed. 
The repose and grace of the figure are mainly due to the position and shape of the limbs. These are all more or less flexed. 
The left shoulder and arm are screwed forward and the left hand partly closed : the right hip and right leg are also screwed 
forward — the leg being semi-flexed, and the foot, which is furnished with a pair of wings, being extended. The right foot is 
particularly tine. The right shoulder and arm occupy a posterior position, the arm being nearly straight, with the hand spread 
out and resting on the rock on which Mercury is seated. The left hip and leg also occupy a posterior position, the leg bein^' 
flexed at nearly right angles and the left foot (also supplied with wings) being deposited on the rock supporting the statue. 
The left foot, like the right one, is a marvel of workmanship, and shows the tine curves peculiar to this important part of the 
body. The foot, as explained elsewhere, reveals two arches ; the one extending in the direction of the length of the foot, the other 
in the direction of the breadth of the foot. 

Fi<}. 4. — Colossal bronze eauestrian statue of Marcus Aurelius on the Capitol, Rome. This great equestrian statue occupies 
a foremost place in works of this order. The emperor and his horse are amazingly lifelike and real. The horse especially is full 
of animation and power. The disposition of the limbs of the horse is particularly interesting, as it indicates very distinctly the 
diagonal twisting of the shoulders and fore legs, and of the hips and hind legs. The right fore le^ and the left hind le^ are flexed 
and advanced diagonally ; the right fore leg ^ing off the ground and the left hind leg leaving it in the act of making a step. 
The left fore leg and the right hind leg, on the contrary, are extended and solidly placed on the pe<lestal of the statae ; the horse 
being supported diagonally, by the left fore and right hind legs respectively. 

The position of the limbs is also accurately depicted in the famous equine bronze statues found at Herculaneum and deposited 
in the national museum at Naples. There are, of course, many other positions taken up by the legs of the horse in walking, but 
the diagonal positions referred to are the most outstanding. They are tigured and described at length in living horses, &c. Mal- 
positions in the limbs of equestrian statues completely mar the exceeding grace of movement, in a sense, peculiar to the horse. 

If the sculptured treasures of ancient Greece and Italy are to be trusted, it is quite evident that man has not 
altered or improved physically for over 2000 years. If, moreover, the size and configuration of the head, and 
the shape and expression of the face, have any physical value, it may be questioned whether intellectuality and 
ideality have, in modem times, attained a higher standard. 

As the Greeks and Romans are known to have worked from living models, the figures portrayed in Plateji 
clxxix. to clxxxi. may very fairly be regarded as reproductions of actual men and women who lived two or more 
thousand years ago. Of course, it suits Darwinians and evolutionists generally to say that 2000 or 3000 years 
are altogether inadeijuate to produce even slight changes in j)hy8ical and mental man, but I would strongly urge 
that if no change, not even the most trifling, has bet^n produced in the long period in question, it is for theiu 
to prove that modifications, alterations, and improvements have occurred, or can occur, in any longer periods. 
If the theories of ''natural selection" and ''evolution'' have even the elements of truth in them, two or more 
thousand years should suffice to indicate the nature, if not the amount, of these modifications, alterations, ami 
inij)r()venionts. As already stated, no change whatever can anywhere be detected. If, however, perfect men 
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and women existed over GUUO years ago, and no trace of advance can be detected during that long period, 

it goea without saying that the onus of proof to the contrary rests with the " evolutionists." They 

assert that man is descended directly from the apes, and indirectly from the mollusc or something lower, by infinite 

permutations in infinite time. To prove their theorj- unliniit<3d change and unlimited time are |>o8tulated. By 

basing their contention on unlimited change in 

luilimited time they remove the subject practi- 
cally from the realm of Imnian thought, and l>eg 

the question. If no visible change has occurred 

in man for over fiOOU years he must be credited 

with a remarkable degree of persistency, and the 

argument that he is an original creation and t!/j>e 

is greatly strengthened, if not wholly confirmed. 
What is here said of tlie persistency of man 

is true of the great majority of animals depicted 

in the ancient AHsyrian, Babylonian, and other 

sculptures, and in the frescoes of Egypt under the 

Pharaohs. 

While a certain proportion of the sculptures 

and freitcoes are fanciful, and represent grifhns, 

winged sphinxes, winged hulls, centaurs, &e., quite 

a large number of them are carefully drawn pic- 
tures, evidently from the life. They can, for the 
most part, be readily referred to their originals. 

This is especially true of the ungulates ; the 
portraits of the carnivora being more difficult to 

determine. Thus Mr. R. Lydekker.' to whom 
zoology is indebted for many imjtortent con- 
tributions, has been able t-o identify quite recently 
the following woll-known animals, occurring on 
the east wall of the Chapel of Ptahhetcp : " The 
ibex {Capra nubiami), the aoul, or Soemmemng's 
gazelle {Gazella soemviieTritiffi). This gazelle is 
fairly abundant in Upper Nubia at present, and 
in past times was probably found much lower 
down the Nile Delta. The lesser kudu (■ilTepsutTo\ 
imberbia). The lesser kudu is not now found in 
E^ypt, although it occurs in Somaliland and 
Abyssinia. The addax (Addaz wuottuieuUiltis). an 
antelope found at the present time in consider- 
able numbers in the desert tract* of Northern 
Africa — the white or sabre-horned oryx (Oryx 
leucoryx), also found in the North African deserts. 
The white oryx is still a common antelope in the 
deserts of Upper Nubia and Kordofan. 

" Antelopes of other kinds, including some of 
the smaller gazelles, are recognisable on various 
Egyptian frescoes, but their exact specific determination is difficult. Cattle are frequently depicted, but all appear 
to be domesticated animals, none of which belong to the humped breed, now so conunon in Africa. Camels are 
occasionally represented, but there is nothing to show that these indicate the existence of this animal in a wild 
state in the country at that date ; most probably, indeed, they are domesticated specimens. [It should here be 
noted that the tame condition of cattle and camels in early Egyptian times confers on these animals a greatly 
increased antiquity ; the taming proce.ss extending over considerable periods.] Very interesting, in a scene repre- 
senting tribute -bearers from Cush {Goes's ' Ancient Egypt,' p. 37), is the portrait of a giraSe with a dog-faced 
baboon clinging to its throat. Curiously enough, the giraffe ia represented with the legs spotted right down to the 

' '■Some Ancirrit Mammal I'oi-tmka." {.Viiliiri. .Iiiiic MO, 11)04.) 
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hoofs, after the fashion of the southern races of this species, and unlike the Nubian form, in which the spotting 
stops short at the knees and hocks. 

" Among the carnivora the lion and the leopard are frequently depicted, but in the aforesaid frescoes of the 
tribute-bearers from Cush, the spots of the latter animal are represented as more like those of the ocelot. As 
might have been expected, the ichneumon, or Egyptian mungoose {Herpestes ichneumon), the snake-destroying 
propensities of which render it so venerated among the inhabitants of the Nile Delta, is very frequently repre- 
sented in the frescoes. It is well shown in the Ptahhetep hunting scene. The fore-part of the animal in the 
same scene seems to be intended for the little African fennec-fox {Cants famelicus). The long-tailed and long-legged 
animal is apparently the lesser, or hairy-footed, jerboa (JacfdiM hirtipes). Another rodent shown in some of the 
frescoes, as in one of labourers bringing in sheaves of com (Goss, op. cit., p. 195), is the Egyptian hare. A remark- 
able instance of fidelity to nature occurs in the two portraits of a hedgehog in the Ptahhetep hunting scene, one 
of these representing the animal standing in the open, and the second showing it coming out of a hole with a 
locust in its mouth. The well -developed ears clearly show that the species depicted is the long-eared hedgehog 
{Erinaceus auritfis)^ 

In addition to the foregoing, it may be stated that pictures of insects, reptiles, and birds, which readily admit 
of identification, occur in considerable numbers on ancient monuments, &c., in various parts of the world, all which 
go to prove that the persistency of type attributed to man extends to animals generally. 

The " evolutionists " cannot reasonably claim unlimited modification and unlimited time either for the pro- 
duction of man or for the production of existing plants and animals. It is convenient for them to maintain that 
6000 years is practically of no accoimt in settling the much-debated question of the origin of existing plants and 
animals attributed by them to " natural selection " and " descent." The retort is obvious. If " natural selection " 
and " descent " produce no changes in 6000 years, what possible proof can be afforded that changes of a per- 
manent character, even the most minute, are brought about in 12,000 or 24,000 or any greater number of years ? 
The theory of evolution as based on natural selection and descent is altogether in the air, and there it had better 
remain until facts instead of fancies are furnished by the advocates of the theory. It is too much to ask intelligent 
reasonable beings to suppress their thinking powers and take the theory of evolution, as based on natural selection 
and descent, on faith. Moreover, as I have shown elsewhere (section 42), there is, strictly speaking, no such thing 
as natural selection, and descent as the direct outcome of natural selection. Evolution is possible only in develop- 
ment and within types. It is not true as a progressive, continuous advance from lower to higher plants and 
animals, and parts thereof ; or as an unbroken series of transformations having for their object the production 
of animals from plants, and plants from some unknown and undemonstrable form of undifferentiated protoplasm. 

The imchangeable nature of the human race is all but established by the illustrations supplied in Plates clxxix. 
to clxxxi. already fully described. In corroboration of this I append four photographs of ancient Greek heads 
taken from mummy coffins in the Fayoum (Fig. 580, A, B, C, D, p. 1349).^ They prove more or less conclusively 
that no change whatever, not even the most trivial, has occurred in the human body for two or more thousand 
years. They show that there has been no appreciable modification either in the head or face, and that the crania 
and countenances of the ancients were, in all respects, as perfect as those of modem men and women. The sanae 
is true of the entire human frame ; that has undergone no sensible modification, alteration, or improvement during 
the period in question, the physique of the ancients being, on the whole, superior to that of modem men. 

§ 457. Antiquity of Man from the Geological Standpoint. 

Great as is the antiquity of man according to Egyptian, Chaldean, and other records, his age is inmienselj 
greater from the palseontological and geological point of view. The vast stretches of geologic time assign to man 
what many will regard as a fabulous antiquity. Geologic time cannot, unfortunately, be accurately determined, but 
enough is known to assign to prehistoric man a date undreamed of until the advent of geology as an exact science. 

The palaeontological and geologic evidence consists of fossil human and other remains ; the strata in which 
they are found ; the deposition in the strata of flint and other implements ; incised bones, pottery, &c. ; contempo- 
rary fauna and flora ; the rate of deposit of deltas ; the formation of rocks ; the elevations and depressions of the 
earth's crusts ; the erosion and denudation of the same ; the varying distribution of land and water ; climatic 
changes as indicated by alternate tropical, arctic, and tenii)erate cycles ; these extending over vast periods, &c. 

* 111 IS88 thort* wius sent to EiiroiH? a series of funen'jil i»ictures or |>ortniit.s In^lieved to W alnnit 2000 years old, and execiitcii iii the a»-«ll' 1 
eucaUvStie )uiintin>(. which is now a rare, it* not a h»st. art. They are (JiTeian in <'haraeter, and of HeUenic derivation, although discovere^l in 
the Fayoum district t>f Kgyi»t. They owe their on«,nn to the fact that a small (Jrecian colony had M'ttled in the Fayoum who buried their de*I in 
an K^'yi»tian cenutiry. They furnish very line examples of (Jrecian features, and indicate jKrmanence of tyjK's in ancient and modem races. 
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From the history of the earth it will be seen that plants were created before animals, and that the simpler 
plants and animals appeared first. It will further be seen, that plants and animals are arranged according to an 
ascending scale, and that man appeared comparatively late on the scene. 

All the early remains of man's works, so far as discovered, are simple in character and rude. They, moreover, 
indicate a progressive advance. Thus they begin with chipped flints consisting of arrow and spear heads, knives, 
bone and other scrapers, hammers, hatchets, &c. For a long time the chipped flints were regarded as accidental. 
A careful examination and study of them, however, proved their human origin, as indicated by their increasing 
size, and the superior shape, finish, and workmanship of the more recent specimens. There was to begin with, a 
stone age ; then a copper age ; then a bronze age ; and then the iron age, which brings us down to modem times. 
As civilisation and the arts improved, the mastery over the materials employed in the chase, war, and domestic 
purposes became more and more apparent. Similar advance could be traced in the cave, shore, lake, and other 
dwellings ; also in the articles found in the kitchen middens or refuse heaps of primitive man. There is every 
reason to believe that man at the outset lived in the open, and fed on fruits, roots, and small animals which he 
could seize and destroy with impunity and without the aid of weapons. By-and-by he resorted to natural caves 
for shelter and protection. He became a cave-dweller. As the caves were few in number, and not always con- 
veniently situated, he resorted to the seashore, where he could obtain shell-fish and other food, and to fresh-water 
lakes, in the shoal water of which he drove wooden piles on which he erected wooden huts or houses. The 
situation of the pile huts protected him from his natural enemies. He also occasionally built his huts in trees for 
a like purpose. The lake -dwellings, vestiges of which can be seen in many countries at the present day, formed 
considerable villages, and in the mud and subsoil where they occur, not only the remains of food, consisting of fruit, 
roots, fish, and other animals, but also domestic and other implements are foimd in considerable numbers. In 
the great kitchen middens on the seashore indicating the camping-ground of families, similar traces of man's existence 
and progress are met with. The cave-dwellings also furnish their quota of food remains and implements, and 
jrield in addition human skeletons or parts thereof ; also rude carvings or drawings. By carefully examining and 
studying the food remains and implements foimd in the camping-grounds, and in the caves and rude dwellings 
of primitive man, it is possible to construct a record of his mode of life and his progress towards civilisation. The 
food remains associate him with the flora and fauna of certain geologic periods, and the implements, consisting in 
succession of wood, stone, copper, bronze, and iron, tell their own tales. 

Man no doubt for long ages remained a hunter pure and simple — an occupation well calculated to sharpen 
his mother-wit. This is proved by his animal food consisting exclusively of various kinds of fish and wild animals, 
such as the wild boar, stag, cave-bear, hyena, rhinoceros, mastodon, &c. Later the bones of the ox, horse, sheep, 
and dog appear, indicating a pastoral life. Still later, wheat, barley, and flax are found, showing he had taken to 
agriculture. His progress at first, from the peculiar circumstances, and as was to be expected, was exceedingly 
slow. Not till man had acquired a knowledge of metals did he make satisfactory progress. His mastery over 
the metals introduced a new era, and practically gave him the whip-hand of the situation. This mastery supplied 
him with implements and weapons which enabled him not only to subdue the beasts of the field, but also the 
stubborn soil. 

It is impossible to say at what period man discovered and employed fire. The time is no doubt infinitely 
remote, as traces of fire are found from the first in his camping-grounds, cave, and other dwellings, and on his 
vegetable food stuffs (nuts, acorns, &c.), and on the gnawed bones which occur in plenty. The possession of fire, 
coupled with a knowledge of metals, untied the Gordian knot of human civilisation. It displaced the sun-baked 
pottery and bricks, and gave a tremendous impulse to the arts of peace and war. Contemporaneous with these 
advances was the development and perfection of speech, which resulted in inscriptions and written language. The 
crowning discovery in hunian civilisation and progress was the printing-press, which recorded and stored up the 
knowledge of one generation and transmitted it as a free gift to each succeeding one, and so made knowledge 
cumulative. By means of written language and the printing-press tradition gave place to history, and progress in 
the highest sense was assured. 

The history of modern man does not at present concern us. It is prehistoric, primeval man with whom we 
are dealing. 

In considering prehistoric man it is not necessary to deal with the geologic periods known as Primary or 
Palseozoic, or Secondary or Mesozoic, and only to a certain extent with the Tertiary or Cainozoic, some believing 
that man existed towards the close of that period (Tertiary). It is with the Quaternary or Palaeolithic and sub- 
sequent periods that we have more especially to do, as during these periods indubitable evidence of man and his 
works appears. 

The periods in question were marked by important terrestrial and climatic changes, which visibly affected 
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the flora and fauna ; plants and animals being adapted to a temperate, a warm or tropical, and an arctic or cold 
climate. 

There seem to have been two great glacial periods with intervening non-glacial intervals. During the period 
anterior to the so-called historic period, the climate, conflguration of the land and sea, and the prevailing flora 
and fauna underwent next to no change. This period is known as the Neolithic, and is transitionary in the sense 
that it is characterised by polished stone implements, the descendants of the earlier and ruder chipped flints : it 
also reveals copper, bronze, and iron implements ; the latter connecting it with the historic period. The Neolithic 
is sometimes called the recent or post-glacial period, from the fact that it marks the disappearance of the last great 
glaciation, and ushers in climatic conditions not unlike those prevailing at the present day. 

The Palaeolithic, Pleistocene, or Quaternary period preceded and is older than the Neolithic. In it unmis- 
takable evidence of man's existence can be traced in various directions. It is characterised by a flora and fauna 
in which existing species are mixed up with extinct species. The PalsBolithic period has been, in a general way, 
designated the glacial period. 

The Ternary period, comprising the Pliocene, Miocene, and Elocene periods, in turn preceded the Palaeolithic, 
Pleistocene, or Quaternary period. It reveals doubtful traces of man, and is characterised by older and more 
generalised types of plants and animals in an ascending series.^ 

The secondary period is still earlier. In it the mammals are represented by a few weakly marsupials. 

The primary period is the oldest of all, and contains only the earliest plants and animals. 

Before considering the several periods to which reference has been made, it may be useful to say a few words 
regarding the cosmic and other changes which ushered them in, the causes of these changes, and the manner of 
measuring geologic time. 

The glacial and post-glacial periods, extending over practically illimitable time, have produced extraordinary 
alterations on the earth's surface, and have considerably influenced the flora and faima. The duration of the post- 
glacial period is believed to have greatly exceeded that of the historic period (10,000 years), and the duration of the 
glacial period is supposed to have very greatly exceeded that of the post-glacial period. 

The glacial period varied in intensity, and was characterised by intermissions. Glaciation is not altogether 
a question of mere continuous cold ; glaciers being formed by alternations of heat and cold at longer or shorter 
intervals, extending over long periods. 

There are various theories as to the production of glaciation, such as the varying distribution of sea and 
land, latitude, the prevalence of hot and cold air and oceanic currents, variations of solar and terrestrial heat, the 
eccentricity of the earth's orbit, precession, the position of the poles, &c. 

The two theories most favoured are those propounded by Sir Charles Lyell and Mr. CroU : the former 
attributing it to a different distribution of sea and land, accompanied by changes in the air and ocean currents; 
the latter to the effects of precession in conjunction with high eccentricity of the earth's orbit. 

Proofs of the elevation of the land are furnished by the raised sea beaches with their complements of shells, 
and proofs of depression are provided by submerged forests. The effect of atrial and ocean currents in raising or 
lowering the temperature is well known, and has only to be mentioned to be appreciated. 

Mr. Croll's astronomical theory of glaciation is deserving of consideration, but it can scarcely be regarded as 
the sole cause. 

The changes produced by glaciation and by air, ocean, and other currents can scarcely be exaggerated. Air 
currents denude immense stretches of land to great depths, and ocean and other currents excavate deep fiords 
and valleys. Glaciers in motion completely alter the face of a country by grinding and grooving its surface, and 
by carrying and transporting untold quantities of debris in various directions, and to great distances. In glaciation, 
and in the cold and heat which accompany air, ocean, and other currents, we have forces capable of completely altering 
the aspect of the earth from time to time, and influencing and changing, within limits, the flora and fauna. These 
forces break up, triturate, and transmit in various directions, and to great distances, the substances forming the 
earth's crust. Tliey are the active agents in determining the appearance presented by the earth and its flora 
and fauna in given localities at given periods. Their appearances are not to be confined to the present aspect and 
order of things. Old-world rivers existed before the present rivers, and air currents and extensive denudations set 
their seal upon an old-world geography. The rocks have, in many cases, been formed, broken up, and reformed, 
and deltas laid down and taken up and obliterated more than once. When the land is raised above the snow line 
it at once lends itself to glacial influences : when it is depressed, it lends itself to an opposite state of things. In 
all probability the depression is caused by the enormous masses of ice by their sheer weight indenting the crust of 

' ProH'SHor Aiiu'^hiiio has aiinoiinciMl the discovery in the lower Tertiary (EtK-ene of Patagonia) of several small monkeys of the Aiuerii-an 
ty|»e orC«*lti«ije which furnish eviden(;e as to the existence of anthropoid priniat^^s at this extremely remote date. 
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the earth, and so letting in the sea, which, in turn, induces a milder climate. The elevation and depression of land, 
simultaneously or alternately, necessarily alter the distribution of land and sea. Large continents are broken 
up in whole or in part, and islands take the place of continuous land. New oceans, inland lakes, and rivers are 
formed, and the flora and fauna are scattered broadcast to an extent difficult to realise. If to the cosmic 
activities referred to a practically unlimited time be added, it is not difficult to account for things as we find them, 
both in the inorganic and organic kingdoms. 

While the original highways for the distribution of plants and animals over the surface of the globe have been 
largely destroyed in modem times, they existed long enough to effect their purpose, and there is reason to believe 
that some of them will be re-established in the fulness of time. The hippopotamus and rhinoceros are supposed 
to have found their way to Britain by ancient rivers and overland routes destroyed ages ago. 

The great glacial period corresponding to the end of the Pliocene or the beginning of the Quaternary period was 
too imiversal and extensive to be accounted for by local causes. It affected practically the whole earth's surface. 

"' Ice-caps radiating from Scandinavia crept outwards, filling the North Sea, crossing valleys and mountains, 
and covering with their boulders and moraines a wide circle, embracing Britain down to the Thames Valley, 
Grermany to the Hartz Mountains, and Russia almost as far east as the Urals. In North America a still more 
massive ice-cap overflowed mountain ranges 3000 feet high, and covered the whole eastern half of the continent with 
an unbroken mantle of ice so far south as New York and Washington. 

'' The first period of elevation and of intense glaciation passed away, and was succeeded by one of depression 
and of milder climate. . . . Marine shells at the top of what are now high hills, and which during the great glacia- 
tion were probably higher, attest the fact that a large amount of land must have been sunk below the sea towards 
the close of the first glacial period. It is equally clear that a long inter-glacial period ensued, during which many 
changes took place in the geographical conditions and in the fauna and flora, requiring a very long time. Thus 
Britain, which had been reduced to an Arctic Archipelago, in which only a few of the highest mountain peaks 
emerged as frozen islands, became united to the Continent, and the abode of a fauna consisting in great part of 
African animals. At one time boreal shells were deposited, at the bottom of an Arctic ocean, on what is now the 
top of Moel-Tryfen in Wales, a hill 1300 feet above the present sea-level ; while at another the hippopotamus found 
its way, in some great river flowing from the south, as far north as Yorkshire, and the remains of African animals 
such as the hyena accumulated in our caves. In Southern France we had at one time a vegetation of the Arctic 
willow and reindeer moss, at another that of the fig-tree and canary -laurel. When we consider that little if any 
change has occurred, either in geographical conditions or in fauna or flora, within the historical period of some 
10,000 years, it is difficult to assign the time which would be sufficient to bring about such changes by any known 
natural causes." ^ 

The glacial and intervening periods covered an enormous lapse of time. This is proved by the comparatively 
very slow rise and fall of land. In Sweden cases of elevation and depression are occurring at present at the rate 
of about two and a half feet in a century, and Sir Charles Lyell estimates that at this rate an elevation of 2000 feet, 
followed by a similar depression, would occupy a period of 160,000 years. Of course, in certain volcanic regions, 
and where cataclysms may have occurred, the period would be considerably shorter. 

Additional proof of the immense antiquity of the glacial period is afforded by the gradual production of the 
loess, a deposit of fine glacial mud similar to that obtained from the sediment of tranquil sheets of muddy water 
such as are supplied by the annual inundations of the Nile in Egypt. The loess fills up to great depths many of the 
valleys of Europe, Asia, and America, and even overflows the adjacent table-land . 

Sir Charles Lyell estimates the thickness of the loess in the Rhine Valley at 800 feet. If the present deposit 
of Nile mud, which is about three inches per century, be taken as a criterion, the 800 feet of loess in the Rhine Valley 
would have required 320,000 years for their formation. 

The loess is not confined to Europe, but is found in all regions where rivers have flowed from territories 
formerly covered by ice and snow. It occurs in the valleys of the Mississippi and Yang-tse-Kiang. In the 
loess of the United States, and in drifts presumably older, human remains have been discovered. Similarly, in 
the loess of Europe human skulls, skeletons, and implements have been found at considerable depths, mixed up with 
the remains of the mammoth and other extinct animals. 

Sir Charles Lyell (as Mr. S. Laing points out),^ when considering the fossil human bone found in the loess at 
Natchez, observes : '^ My reluctance in 1846 to regard the human fossil bone as of post-Pliocene date arose, in 
part, from the reflection that the ancient loess of Natchez is anterior in time to the whole modem delta of the 
Mississippi. ... If I was right in calculating that the present delta of the Mississippi has required, as a minimum 
of time, more than 100,000 years for its growth, it would follow, if the claims of the Natchez man to have co-existed 

> ** Human Origins," by S. Laing. I>)ndon, 1902. pi». 278, 280 and 281, " Op. cit, p. 284. 
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with the mastodon are admitted, that North America was peopled more than a thousand centuries ago by the 
human race." 

Additional proofs of the immense antiquity of primeval man are afforded by the amount of denudation and 
erosion which has occurred since the disappearance of the ice age, and the land and sea have acquired their 
present levels and general outlines. 

Dr. Evans in his work, " Ancient Stone Implements," when referring to the ancient flints found at Bournemouth 
100 feet above the present level of the sea, remarks : *' Who, standing on the edge of the lofty clifiE at Bournemouth, 
and gazing over the wide expanse of waters between the present shore and a line connecting the Needles on the 
one hand and the Ballard-Down Foreland on the other, can fully comprehend how immensely remote was the 
epoch when what is now that vast bay was high and dry land, and a long range of chalk downs, 600 feet above the 
sea, bounded the horizon on the south ? And yet this must have been the sight that met the eyes of those primeval 
men who frequented that ancient river, which buried their handiworks in gravels that now cap the clifiEs, and of 
the course of which so strange but indubitable a memorial subsists, in what has now become the Solent Sea." 

Similar erosions, but on a much more extensive scale, separated England from France. That the British 
Isles were originally connected with the Continent and until comparatively recent times admits of easy proof. 

Dr. Evans' view is strikingly confirmed by Mr. Harrison, who found considerable numbers of palaeolithic 
implements in the upland gravels in Kent and Surrey at even 750 feet above sea-level. These gravels include a 
wide area, and their elevation is such as to preclude the possibility of their being deposited by recent rivers. They 
must have been deposited ages before the present rivers began to scoop out their valleys, and when the configura- 
tion of the country was quite diiEterent. This follows because they occur at elevations greatly exceeding those of 
existing watersheds and valleys. 

Professor Prestwich, who investigated this subject very carefully, came to the conclusion that these implement- 
bearing gravels must have come from a mountain range 2000 or 3000 feet high, which formerly ran down the present 
weald of Kent, and which has been worn away by sub-aerial denudation to the existing low forest ridge ; the amount 
of denudation being probably not less than 2000 feet. The average rate of denudation, as approximately estimated 
by calculating the solid matter brought down by rivers, is about one foot in 3000 years. Judged by this standard 
the removal of 2000 feet of the Wealden ridge must have occupied about 6,000,000 years. This is probably an 
excessive estimate, as on hilly ranges and under glacial conditions the denudation would be much more rapid than 
under ordinary circumstances. Still, the time occupied in the process must have been extraordinarily great. 

Professor Prestwich believes the high level or southern drift to be older than the Westleton drift forming part 
of the upper Pliocene series in Suffolk and Norfolk. If so, the existence of Tertiary man is in a measure confirmed ; 
the Palaeolithic implements, which are of a very rude type, occurring in an earlier stage than those found in an 
undoubted Pliocene bed. Professor Prestwich, in a paper read to the Anthropological Society in 1892, sums up as 
follows : ^^ Looking at the very distinctive features of those plateau implements, such as their rudeness of make, 
choice of material, depth of wear and staining, peculiarity of form — taken in conjunction with the extreme rarity 
of valley forms — they constitute characters so essentially different from those of the latter implements, that by these 
characters alone they might be attributed to a more primitive race of men ; and as this view accords with the 
geological evidence, which shows that the drift-beds on the chalk plateau with implements are older than the valley 
drifts, I do not see how we are to avoid the conclusion, that not only was the plateau race not contemporary 
with the valley men, but also that the former belonged to a period considerably anterior to the latter — either an 
early glacial or a pre-glacial period." 

The antiquity of the Quaternary age is confirmed by discoveries in the New World. Thus the auriferous gravel 
deposits of California consist of huge masses of debris washed down by glacial or pre-glacial rivers from the western 
slopes of the coast range. This d(5bris is mixed up with lavas and tuffs in layers, the products of pristine volcanic 
eruptions, and topped with a thick covering of basalts. 

In the process of gold mining the several strata are tapped by deep shafts and tunnels, and the gravels of 
the pre-glacial rivers exposed ; these yielding stone implements of undoubted human origin. Mr. Skertchly, com- 
menting on these gravels, says,^ " Whatever may be their absolute age from a geological standpoint, their immense 
antiquity historically is beyond question. The present great river system of the Sacramento, Joaquin, and other 
rivers has been established ; canons 2000 feet deep have been carried through lava, gravels, and into the bed rock ; 
and the gravels, once the bed of large rivers, now cap hills (KXX) feet high. There is ample ground for the belief 
that these gravels are of Pliocene age, but the presence of objects of human formation invests them with a higher 
interest to the anthropologist than even to the geologist," 

In this connection it is well to direct attention to an extraordinary find in North-western America, namely, 

* 0]». cit., j.j». 21»1. .-^Sr., aiul i\^e). 
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the Nampa image or statuette, which is scarcely an inch and a half long, but reveals very considerable artistic skill. 
The image is thus described by Professor Wright : " The Nampa image was brought up in boring an artesian 
well, at Nampa in Ada County, Idaho, through a lava-cap 15 feet thick, and below it about 200 feet of the quick- 
sands and cla3rs of a silted-up lake, formed in a basin of the Snake river, which joins the Columbia river, and flows 
into the Pacific, forming part, therefore, of the same geographical and drainage system as the Californian gravels. 
At this depth the borers came down to a stratum of coarse sand, mixed with clay balls at the top, and resting 
at the bottom on an ancient vegetable soil, and the image came up from the lower part of this coarse sand. . . . 
It was found to be modelled from stiff clay, like that of the clay balls found in the sand, slightly if at all touched 
by fire, and incrusted, like those balls, with grains of oxide of iron, which Professor Putnam considers to be a con- 
clusive proof of its great antiquity. Mr. Emmons, of the State Greological Society, gives it as his opinion that 
the strata in which this image is said to have been found is older by far than any others in which human remains 
have been discovered, unless it be those under Table Mountain, in California, from which came the celebrated 
Calaveras skull." 

The evidence of the existence of Tertiary man furnished by the Old and New Worlds, it will be seen, is very 
considerable. 

It is not necessary to pursue this subject further : suffice it to say that the time is very much greater than 
was suspected even a few years ago. 

A question of great importance here emerges as to the different races of mankind at present existing on the 
earth. Are these referable to a common origin in a particular locality, or to several origins in different localities. 
The former is the more probable. It is more reasonable to suppose that man had a common origin, and spread, 
carrying with him the peculiarities which distinguish him from all other animals, than that he was bom in several 
centres, and converged to form a common humanity. Both opinions are held. Agassiz believes in separate creations 
in different localities ; each creation being adapted to a particular habitat. However produced, man has from the 
first displayed the most extraordinary permanency and persistency. He is to-day precisely what he was 9000 or 
10,000 years ago, as proved by paintings, carvings, &c., on ancient Egyptian tombs and monuments. Four 
varieties or races of man are depicted on the tombs and monuments in question, namely, the Negro, the Mongolian, 
the Arab, and the Cauccusian. To these some are disposed to add the copper-coloured races of America and the 
Pigmies of Africa.^ 

All these varieties and races of men can and do intermarry and are fertile, proving that they are in reality 
only one people. The unchangeable nature of man for 9000 or 10,000 years (the historical period) is wholly 
opposed to his descent by " evolution " and " natural selection." Evolution and natural selection necessitate 
endless modifications, which, so far as is known, are wanting in his case. The essential links, though assiduously 
sought for, are not forthcoming. 

Those who believe in multiple creations ask the evolutionists by what methods and by what routes could such 
unity and oneness as we behold in physical and mental modern man have been produced ? Multiplicity of origins, 
they assert, is fatal to evolution and natural selection. Mr. Darwin fully realised this difficulty, and in a letter to 
Mr. Bentham endeavoured to anticipate it, and in so doing speaks of unconscious selection by man, and begs the 
question. He says, ^' I dispute whether a new race or species is necessarily or even generally descended from a 
single pair of parents. The whole body of individuals, I believe, became altered together — ^like our race-horses, 
and like all domestic breeds which are changed through * unconscious selection ' by man." 

How, it may be asked, can man select unconsciously ? If the idea of a common origin from a single primordial 
germ be departed from, and secondary origins or centres substituted, the whole fabric of evolution is destroyed. It 
is a case of blowing hot and cold at the same time. Secondary or subsequent centres of development are, under 
the circumstances, inadmissible. 

What is true of the origin and descent of man is also true of the origin and descent of a large number of 
domestic and wild animals, also depicted on ancient Egyptian tombs and monuments. Like man, these animals 
have in no respect changed during the 9000 or 10,000 years which constitute the historical period. With these 
facts before us it is very difficult to avoid believing in the creation of types in time and space ; the types being 
at once the centres of departure for slight variations in plants and animals, and the rallying or converging points 
to which they return when they revert and breed back, which they infallibly do, and so secure the permanency 

* Professor Huxley classified the historic and pre-historic races of Europe as follows : — 

1. Bloud loDg'heaids of tall stature, who appear with least admixture iu Scaudiuavia, North Germany, aud |)arts of the British Islands. 

2. Brunette broad-heads of short stature iu Central France, the Central European Highlands, and Piedmont. These are identified with the 
Ligurian race, and their most typical modern i-epresentatives are the Auvergnats and Savoyards. 

3. Mongoloid brunette broad-heads of short stature in Arctic and Eastern Euroi)e and Central Asia, represented by the Lapps and other 
tribes of Northern Russia, passing into the Mongols and Chinese of Eastern Asia. 

4. Brunette long-heads of short stature— the Ibeiian race. 
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of the types. There is no proof of indefinite departures from types, which there would be if man were descended 
from a soft-bodied, shapeless mollusc. 

The great antiquity of man. coupled with the continuity of land in various directions in primeval times, would 
quite satisfy the theory that existing man was descended from a single pair. They would have had sufiScient 
time and opportunities for spreading. This belief is strengthened by the fact that modern men differ very slightly 
from each other, and have practically undergone no change during the historic period, that is, for 9000 or 10,00() 
years. Such a state of things is inconsistent with the belief that he is descended by " evolution " and " natural 
selection " from a monad by a gradual process of modification. Of course 9000 or 10,000 years is an insignificant 
period when compared with the enormous stretches of geologic time : still, stability and permanency of type during 
that period goes a very long way towards disproving the theory that man is descended from the monkeys and 
other old-world quadrumanp. Moreover, as stated, no link has been found connecting existing msLii with the 
man-like apes, and no modifications worth mentioning separate existing man from primeval man. Indeed the 
modifications are too trifling to deserve serious attention or consideration. They are chiefly confined to the con- 
figuration and size of the skull. Thus it is stated that the skull of primeval man is smaller, the bones thicker, 
the forehead flatter, the superciliary ridges (frontal sinuses) more prominent, the chin more receding, and the 
visage more projecting or prognathous. It is also said the long bones are less rounded than those of modem man. 
No solid argument can, however, be founded on the modifications referred to, as they are not peculiar to 

primeval man. They are foimd in the different races of men 
and individuals as they exist on the earth at the present 
time. 

In this connection Mr. S. Laing in his " Human Origins " 
(p. 388) observes : " In the two best authenticated instances 
in which human skulls have been found in presumably Tertiary 
strata, those of Castelnedolo and Calaveras, it is distinctly 
stated that they present no imusual appearance, and do not 
go nearly as far in a brutal or pithecoid direction as the 
Quaternary skulls of Neanderthal and Spy, or as those of 
many existing savage races." 

This points unequivocally not to a lower, but rather to 
Fio. 581. a higher standard of man in Tertiary times. This view is 

quite consistent with what takes place in other and lower 
animals, namely, advance on the whole with occasional retrogression. The fact that civilised and savage man 
exist together now and existed together in times past may be taken to mean alternate advance and retrogression. 
It is known that while savage man in one region or country was fashioning his rude implements in stone, wood, 
and bone, civilised man in another region or country was constructing his copper, bronze, or iron ones. There 
are savage peoples still in their stone age, and it may be seriously debated whether these are not deteriorated 
peoples descended from a higher stock. 

While the historical period of man dates back 9000 or 10,000 years, it must not be forgotten that at the 
beginning of this period a high state of civilisation existed, which means that many thousands of years must be 
added to allow for the progress then attained. The added period is necessary, unless man be regarded as a 
civilised being from the first. 

Of course if the existence of Tertiary man and his rude flint and other implements be conceded, and if no 
proof of a contemporaneous civilised people be forthcoming, then the corollary is that savage man preceded 
civilised man. Even in this case, however, it does not follow that man is descended by infinite permutations in 
infinite time from the anthropoid apes. 

The evolutionists admit that if man and the other quadrumana have a humble and common origin, that origin 
must be sought in the Eocene period which introduced the reign of the placental mammals. They can, however, 
afford no proof, direct or indirect, of his advent during the period in question. They also admit that no changes 
of any magnitude have occurred in man and the animals associated with him since the Quaternary period, ^\^ly 
this stasis ? 

The question of skulls has been treated comparatively by M. Debierre. He gives outlines of the skull of a 
chimpanzee, a supposed early human skull (the Neanderthal), and a recent European skull (Fig. 581). 

The object is to show that the Neanderthal skull is nearer that of the chimpanzee than that of the modem 
European. Emphasis is laid upon the greatly developed superciliary ridges and low forehead of the Neanderthal 
skull, and the thicker bonrs and stronger muscular attachments. Against this is to be placed the fact that in 
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modern idiots the low forehead, and some of the other peculiarities noted, are present. The Neanderthal skull may 
possibly represent a diseased, degraded type of a higher race. The low forehead, moreover, does not necessarily 
represent diminished brain capacity. Some skulls with low foreheads are capacious. Lastly, brain-power is not 
to be wholly measured by mere volume. The quality as well as the quantity of the brain has to be considered. 

Some authors divide the several races of men into long heads (dolichocephalic) and broad heads (brachycephalic) ; 
the former being usually associated with tall stature, the latter with short stature. Others classify them according 
to the texture and colour of the hair and skin, and the colour and shape of the eyes ; others according to the 
facial angle, the shape of the jaw and chin, and the set and size of the teeth. These classifications, it need 
scarcely be remarked, are superficial and more or less arbitrary. They do not establish actual or real differences 
between the several varieties or races of mankind. This is proved by the fact that within the varieties or races 
as classified aberrant forms are constantly cropping up, showing that they are all referable to a common type. 

Mr. Samuel Laing, who has devoted much time to this subject, in his " Human Origins " (p. 396) thus sums 
up : " Taking these prominent anthropological characters as tests, we find four distinct types among the earliest 
inhabitants of Europe, which can be traced back from historic to Neolithic times. They consist of two long-headed 
and two short-headed races, and in each case one is tall and the other short. The Dolichocephalic are recognised 
everywhere throughout Western Europe and on the Mediterranean basin, including North Africa, as the oldest race, 
and they are thought still to survive in the original type in some of the people of Wales and Ireland and the 
Spanish Basques ; while they doubtless form a large portion, intermixed with other races, of the blood of the 
existing populations of Great Britain and Ireland, of Western and Southern France, of Spain, Portugal, Sicily, 
Sardinia, North Africa, and other Mediterranean districts. This is known as the Iberian race, and it can be traced 
clearly beyond history and the knowledge of metals, into the Neolithic stone age, and may possibly be descended 
from some of the vastly older Palseolithic types, such as that of Cro-Magnon." 

It is extremely interesting to trace the progress of primitive man by means of his implements, utensils, 
dwellings, food, and other remains. The Scandinavian kitchen middens give us a glimpse of primeval man in the 
early Neolithic period. These are found in large numbers, and frequently of very great size, on the Baltic shore of 
Denmark. They are much older than the lake dwellings, and indicate a much ruder and more primitive stage of 
civilisation, similar to that existing among the Fuegians of the present day. They consist of vast accumulations of 
the remains of shell-fish (oysters, mussels, &c.), and of the bones of wild animals (fishes, birds, and mammals), all 
of existing species, with large numbers of flint and bone implements, and occasional fragments of coarse pottery. 
It has been surmised, from the presence here and there in the middens of the bones of the cod and other deep 
sea fishes, that the men of this period must have possessed boats and nets for the capture of the said fishes, but 
this is a mere guess. The possession of boats by the lake-dwellers is more certain, as canoes composed of logs of 
oak, beech, and other timber dug or burnt out of the solid are foimd ever and anon in the mud of lakes, rivers, 
and estuaries. The kitchen middens are in some cases 1000 feet long, 200 feet wide, and 10 feet deep. As they 
forpied the refuse heaps of a very sparse population, probably only a few families, their formation must have occupied 
an enormously long period. The kitchen middens are not confined to Denmark ; they are found on even a larger 
scale on the sea-coasts of Europe and America. Old as they undoubtedly are, their antiquity is, in a Reuse, modem 
when compared with the Palseolithic period. 

A distinction is to be drawn between the food remains of the kitchen midden period and those of the 
Palseolithic. In the former the remains are those of existing species mixed up with rude pottery and polished 
stone implements ; in the latter the remains are those of extinct animals ; the pottery and flints being of a still 
more primitive description. 

The peat mosses of Denmark, formed in hollows of the glacial drift, afford evidence of the early Neolithic 
period. These have supported three successive forest growths ; the lowest being a forest of fir, that above it 
of oak, the most recent or uppermost that of beech.^ 

The implements found in the beech stratum are modern, those found in the oak stratum belong to the later 
Neolithic and bronze periods, those found in the fir stratum belonging to the earlier and ruder Neolithic, and 
resembling those occurring in the older lake villages and shell mounds. Here a relation can be traced between 
the flora of Denmark and the civilisation of its early inhabitants. Steenstrup is inclined to assign to the peat 
mosses of Denmark an antiquity of from 4000 to 16,000 years. 

The Neolithic period revealed human remains in the arrow-heads found in Egypt, and in the fragments of 
pottery obtained by deep borings from the Nile ; these, it is estimated, dating from 15,000 to 20,000 B.C. 

While the Neolithic period greatly exceeded the historic period in duration, and covered an immense stretch 

* Beech has l)een the common timber in Denmark for over 2000 years, a fact of some significance as indicating the much greater antiquity 
of the oak and fir forests. 
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of time, it was trifling when compared with the preceding Palseolithic period. This is proved by sections of 
implement-bearing materials occiirring in strata, in caves and other situations. Thus in Kent's caverns the 
Neolithic implements are confined to a stratum of black earth from three to twelve inches thick, while the 
Palaeolithic implements occur in strata of stalagmite, red cave earth, breccia, &c., which extend to a depth of 
from 12 to 15 feet. It is safe to assume that Palaeolithic time was to Neolithic time as 12 to 1 at least. In 
this connection it is important to point out that while there is no breach geologically between the Neolithic and 
Palaeolithic periods, the instances are rare and even doubtful of the remains of Palaeolithic man and of extinct 
animals passing by gradual transitions into those of Neolithic and recent times. On the contrary, there is what 
may be regarded as a distinct break zoologically between the Palaeolithic animals and modern animals. This is 
significant, as showing the prevalence of types in time and space. If there be a disappearance of connecting links 
between the Palaeolithic and Neolithic and recent periods, the inference to be drawn is in favour of separate 
creations as against evolution in its widest sense. 

The changes which have supervened since the Palaeolithic or Quaternary period are important and far-reaching. 
They are measured by elevations and depressions of the earth's surface, and by the effects caused by the wind 
and water currents, which have practically produced the climate, flora, fauna, and geographical conditions which 
now obtain. Mr. Mellard Read, of the Geological Survey, estimates that a period of from 50,000 to 60,000 years was 
required to achieve these results. Mr. Read, speaking of the Mersey Valley, says it must have been at first carved 
out of a plain of glacial drift by sub-aerial denudation, that a depression occurred and let in the sea, that estuarine 
clays and silts accumulated, that an elevation raised the whole into a plain on which oak forests grew, that a 
second depression occurred and re-admitted the sea, that estuarine deposits resulted, and that finally the whole 
was raised a second time — all this before the historic period. At the time referred to, the German Ocean, there 
is reason to believe, was dry land, and the Continent of Europe extended beyond the Orkneys and Hebrides. 
Professor Huxley (in an article on the Aryan question) was of opinion that " At no very distant period the land 
of Asia Minor was continuous with that of Europe, across the present site of the Bosphorus, forming a barrier 
several hundred feet high, which dammed up the waters of the Black Sea. A large extent of Eastern Europe and 
of West-central Asia thus became one vast Ponto-Aralian Mediterranean, into which the largest rivers of Europe 
and Asia, the Danube, Volga, Oxus, and Jaxartes, discharged their waters, and which sent its overflow northwards 
through the present basin of the Obi." 

The evidence supplied by the Old World confijrms the belief of the great duration of the post-glacial period 
and the immensely greater duration of the glacial period itself. 

Some are of opinion that the duration of the post-glacial period has been overstated. They base their con- 
tentions upon evidence supplied by the New World as regards the erosive power and recession of the Falls of Niagara. 
Sir Charles Lyell estimated that 35,000 years was required to cut back the gorge of Niagara seven miles, but they 
maintain that this could be accomplished in 10,000 years. They endeavour also to shorten the duration of the 
glacial period by stating that the advance of the glaciers in Greenland is more rapid than in Switzerland on which 
the older calculations were made. Against this Mr. N. S. Shaler, a recent American geologist, brings forward a 
strong argument based on the distribution of American vegetation. He maintains that the black walnut, pignut, 
hickory, and other trees have spread northward by means of seeds shed from boughs, and by rodents, and thus a 
period of 10,000 or even 20,000 years is wholly inadequate for this purpose. 

It is not necessary to pursue this subject further. The fact that man existed in Palaeolithic or Quaternary 
times is sufficient to establish his extreme antiquity. The only point that remains, and concerning which a few 
words may be added, is his permanency during the greatly extended antiquity assigned him. Has he changed 
physically, or is he to all intents and purposes the same being he was during the Quaternary period ? The reply 
must be that he has not changed physically. As an animal he is exactly what he was then. He has greatly changed 
mentally, but this is another matter. A greater degree of differentiation in man's nervous system (especially his 
brain) does not make him a new or a different being. There are varieties of men and women, but they all belong 
to the same family, and they are all fertile with each other. The long occupation by man of certain localities 
and districts in tropical, semi-tropical, and temperate zones has induced slight modifications in him, as in plants 
and the lower animals, under similar circumstances, but these modifications are mere trifles when the great question 
of man's descent is considered. They for the most part, as already explained, apply to the colour and struc- 
ture of the hair, the colour of the eyes and skin, the size and shape of the skull, the facial expression, stature, kc. 
They are differences of little or no account, and are quite inadequate as data for establishing specific distinctions : 
they can all be accounted for by the influence of climate, locality, and environment extending over long periods. 
That man has not changed physically either during the historical period or the known geological period affords a 
crowning argument as to his being an original, independent being — that is, a separate creation and type, apart 
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from the man-like monkeys supposed by evolutionists and those who advocate natural selection to be his remote 
ancestors. 

The great brain-power of man, so much in excess of his animal requirements, as pointed out by Mr. Alfred R. 
Wallace, separates him in a marked manner from every form of man-like ape. The same is to be said of his 
faculty of speech, his capacity for fire-raising, his power of making and using tools and weapons, his capacity for 
clothing and educating himself, &c. 

It has been said that the difference mentally between the different races of men (the most savage and most 
cultivated) is greater than between the lowest man and the highest ape, but this only proves that in nature the 
types approach each other ; they do not actually merge into each other. There is advance of the types and 
within the types ; there is no proof of actual coalescence or unbroken continuity, such as evolution and natural 
selection demand. 

The whole history of man shows that he belongs to the animal kingdom, but his endowments are such as to 
place him in a category by himself. He forms the veritable coping-stone of that kingdom, and to him has been 
given power over all other animals. It has also been allowed him to subdue the soil, and use for his own purposes 
all known plants. He has also been permitted to dominate the inorganic kingdom (the world of matter and force), 
and to utilise all the resources of nature to an extent which gives him practically a sovereignty over everything, 
living and dead. With the acknowledged possession of these God-like powers can it be for a moment thought that 
man is the offspring of chance — ^an accidental being developed by accidental modifications from an accidental speck 
of protoplasm extending over infinite time by a mechanical process of " evolution " and so-called " natural selection " ? 
The unchangeable nature of man, no less than his extraordinary powers, wholly refutes such ideas. From the first, 
man has been assigned a leading role among the animals, and his place is, and has been, assured from all time. 
Everything about him bespeaks adaptation and design of the highest order, and he has in himself the warrant of 
a separate creation by a Creator of transcendent power. 

It is man's nervous system, and especially his brain, which highly exalts him above all other created beings. 
This at once connects him with the animal kingdom as a whole and with the Framer of the Universe. He 
is of the earth earthy, but in his higher mental and moral attributes he approaches indefinitely near the 
Divine. 

I have purposely abstained from quoting Holy Writ in the present connection, but the account given of the 
creation of man, and creation as a whole, in the Book of Genesis is not so puerile and inaccurate as many modem 
scientists endeavour to make out. With a liberal interpretation as to time, the order and nature of creation are 
succinctly and graphically stated, and cannot be unceremoniously thrust aside as of no value. 

The distinguishing feature of man's sojourn on the earth is his permanency as a distinct type. Man is the same 
to-day as he was thousands of years ago. As a matter of fact, his features and bodily configuration resemble, in 
all their details, those of the ancient Egyptians portrayed on temples, tombs, and works of art. 

Recent researches go to show that man was civilised even 9000 or 10,000 years ago, and during this long 
period various cults and forms of civilisation flourished and disappeared. 

It may be assumed, therefore, that man was as perfect 9000 or 10,000 years ago as he is to-day. In other 
words, there is nothing to indicate change of form or feature during that long period. 

The history of man unequivocally points to a civilised origin, that is, an origin removed from savagery, where 
the higher attributes of the mind were more in evidence than the lower ones. It is an assumption to say that the 
wickedness of man in the earlier stages of his history proves him to have been of savage origin. 

Between man and his Creator there has always been, and is now, a mysterious bond of union. Man alone of 
all the animals is endowed with a spiritual principle which binds him more or less closely to his Creator. He is 
acquainted with life as it is and as it will probably be in the hereafter. In him the spiritual is greatly in excess 
of the material, and reaches a higher level. 

Man's attributes in not a few instances resemble similar attributes in the Creator. There is a community of 
interest between the Creator or First Cause and His human protege which cannot be traced, or is traced with 
difficulty, in the lower animals. In man the Creator finds His own image, broken no doubt, but having in itself 
the characteristics of humanity at its best. 

The gulf between man and the lower animals is more a spiritual than a physical or mental gulf. The lower 
animals undoubtedly reason, but the reasoning of man is all comprehending, and is equal to grasping more or less 
completely all nature as revealed by the inorganic and organic kingdoms. 

Man possesses up to a point the power of unlimited expansion : he can measure and map, more or less perfectly, 
whatever he sees. He even discovers and brings under the ken of his fellow men the positions and movements 
of distant stars. 
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Man is not in any sense the product of evolution. He is not compounded of an endless number of lower animal 
forms which merge into each other by insensible gradations and modifications from the monera up to man. He 
is not the outcome of consanguinity and descent, but an original being who had no parents, but who, nevertheless, 
had the power of reproducing himself in a t3rpical or unchanged form. 

He is possessed of attributes which are conmiensurate with the area of his activity on the earth^s surface. 
His chief characteristic, as already indicated, is his persistency as a t3rpe. He is the highest of all living forms. 
The world was made for him and he for it. Complete harmony reigned from the first : there was no jarring, no 
incongruity, no suicidal opposition. Ever)rthing was made to fit and dovetail into every other thing. There was, 
moreover, no accident or chance. On the contrary, there was forethought, prescience, and design. There was 
freedom of action in certain directions, and limitations in others. Man was from the first a conditioned being. 
The conditions make him amenable to law and order in the ordinary sense ; they accoimt for fixity of type, the 
tendency and power to breed back, and for retrogression as opposed to progression. 

Of course all that is said here applies equally to the ancient and modem condition of things : it brings every- 
thing into one great harmonious whole. 

The earth, and man as the denizen of the earth, bear fixed relations to each other, and these relations are 
never opposed to each other, but work together to a given end and according to design. If the relations vary 
they only vary relatively, so that harmony between man and his Creator and Upholder is not destroyed. 

In everything inside and outside of man design is writ large, and it appropriately forms the keynote of the 
present work. 
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APPENDIX I 

ANATOMICAL PREPARATION-MAKING 

AS DEVISED AND PRACTISED AT THE UNIVERSITY OF EDINBURGH AND AT THE 
HUNTERIAN MUSEUM OF THE ROYAL COLLEGE OF SURGEONS OF ENGLAND * 

Having of late years been frequently asked by anatomists, physiologists, surgeons, and others to give an account 
of my methods of making and preserving anatomical dissections for teaching, examination, and museum purposes, 
I feel it to be my duty to comply with the request. I should possibly have attended to this matter long ago, 
but did not deem it of sufficient importance to demand separate treatment. As, however, my anatomical and other 
friends think otherwise I have no option but to accede to their wishes. It will save time, and possibly add interest, 
if I treat the subject historically and from a personal point of view. 

My connection with anatomy began in the winter of 1855, when I attended a course of anatomical lectures 
at the Royal College of Surgeons of Edinburgh under the late Dr. John Struthers, then teacher of anatomy at 
the Extra-mural Medical School of Edinburgh, and a most painstaking and enthusiastic anatomist. He subsequently 
became Professor of Anatomy at the University of Aberdeen, and did much to make the Aberdeen Medical School 
a success. latterly he became my colleague at the Council of Medical Education and Registration of the United 
Kingdom, President of the Royal College of Surgeons of Edinburgh, and a knight of the realm. I did no dis- 
section or anatomical reading under Dr. Struthers, as I had not then made up my mind to become a medical 
student, my chief object being to test my nerves as to anatomical procedure. I also this winter (1855) attended 
a course of natural history at the Free Church College of Edinburgh under the sagacious and thoughtful Professor 
John Fleming. The natural history lectures were a great source of pleasure to me, as I had always been fond of 
all kinds of natural objects, living and dead. The lectures of Dr. Struthers and Professor Fleming determined me 
to adopt medicine as a profession. 

The winter of 1856 found me a fully fledged medical student at the University of Edinburgh. Here I came 
imder the influence of quite a galaxy of genius and talent. The University of Edinburgh was then, and during 
my medical student days, in the zenith of its reputation as a medical school. The professoriate literally bristled 
with great names. There was not a single professor who had not written his name in large letters on the scroll 
of fame. John Hutton Balfour taught botany, George J. AUman natural history, William Gregory chemistry, John 
Goodsir anatomy, John Hughes Bennett physiology, James Young Simpson midwifery, Robert Christison materia 
medica, Thomas Traill medical jurisprudence, William Henderson pathology, James Miller surgery, James Syme 
clinical surgery, and Thomas Laycock the practice of physic. The teachers in the Extra-mural Medical School 
were scarcely less distinguished, and included the well-known names of Stevenson Macadam (chemistry), John Struthers 
(anatomy), William Sanders (physiology), William T. Gairdner and Warburton Begbie (practice of physic), James 
Spence, Patrick Heron Watson, and Joseph Lister (surgery), Alexander Keiller (midwifery), Daniel Haldane 
(pathology), and Douglas Maclagan and Henry D. Littlejohn (medical jurisprudence). There was keen rivalry 
between the University professors and the teachers of the Extra-mural Medical School. It was a case of diamond 
cut diamond. 

There was, moreover, at the time of which I write much intellectual activity at both centres of medical 
education in Edinburgh. Great discoveries were being made and new methods of teaching and research were being 
adopted. Syme was dazzling the world by his bold, original surgery ; Simpson was receiving one long, continuous 
ovation because of his discovery of chloroform ; Bennett was inaugurating a new era in the teaching of clinical 
medicine by his habitual use of the microscope and his exact methods ; and Lister was laying the foundation 
of a world-wide reputation by his researches on the blood and his investigations of rudimentary forms in their 
relation to antiseptics. 

The intellectual activity and fame of the professors and extra-mural teachers at Edinburgh naturally attracted 

^ Reprinted from The Lancet, November 23 and 30, 1901. 
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medical students in great numbers, and these of the best. Here the case was one of action and reaction. The 
cycle of great thinkers and masters in their departments produced, as was to be expected, a cycle of great studente, 
many of whom subsequently became eminent professors, teachers, physicians, and surgeons. The following among 
others were medical students at the University of Edinburgh in my day : Thomas Grainger Stewart, William 
Rutherford, John Duncan, Thomas R. Fraser, John Cleland, James Crichton Browne, Arthur Gamgee, Cnim Brown, 
Thomas Annandale, Blair Cunynghame, Robert B. Finlay, Alexander Dickson, William Mitchell Banks, Andrew 
Smart, William C. Mcintosh, Joseph Fayrer, Thomas Clouston, Kenneth Macleod, Argyll Robertson, James Little, 
John Andeifton, Peddie Steel, John Young, and James Rorie. 

The professors were held in the very highest estimation by the students, and while there was much honest 
rivalry between the latter there was also a genuine esjmt de corps in all the classes and between seniors and 
juniors. This good-fellowship was extended and cemented by the meetings of the students at the Royal Medical 
Society, which took place every Friday evening during the winter session. The Royal Medical Society of Edinburgh, 
of which I was one of the Presidents, is quite the oldest, wealthiest, and most important medical students' society 
in the kingdom. It was founded in 1737, and incorporated by Royal Charter in 1778. It has its own buildings, 
consisting of a large, handsome debating hall, a very extensive library (20,000 volumes), chemical and botanical 
museums, reading-rooms, &c. Its ample and illustrious roll of ordinary members contains many of the greatest 
names connected with literature, science, and medicine, during the past 164 years ; amongst others those of Mark 
Akenside, Oliver Goldsmith, William Cullen, Alexander Munro, James Gregory, Benjamin Franklin, Joseph Priestley, 
Percival Pott, Sydney Smith, Robert Liston, Mungo Park, William Sharpey, John Brown, Robert Christison, James 
Syme, John H. Balfour, Jonathan Pereira, James Young Simpson, John Goodsir, John Hughes Bennett, W. 
B. Carpenter, W. R. Sanders, Charles Murchison, W. H. Broadbent, Richard Owen, J. Matthews Duncan, and Joseph 
Lister. At the Friday evening meetings of the Society an original paper was read, and was keenly debated and 
discussed. This was the best training in the world for future public men. It taught them the forms of procedure, 
and gave them opportunities of speaking which were simply invaluable. After the debate tea and coffee were 
served, and the students returned to their rooms, exhilarated and refreshed, forgetful of the drudgery of the week. 

The training at Edinburgh University in my time was more practical than bookish, and students were taught 
to think and to act for themselves as independent members of society. This developed character, and gave rise 
to originality of treatment in the various subjects handled. At the end of each winter session the Society gave 
a great dinner, to which the professors, extra-mural lecturers, the judges, town dignitaries, and celebrated men were 
invited. The relations between the students and the professors were of the most cordial description. Syme, Bennett, 
Simpson, and Goodsir were especial favourites. Syme captivated the students by his indomitable pluck and energy, 
and by his terse, vigorous way of putting things, as exemplified in his very admirable and much-prized surgical 
writings. I had the good fortune to be selected as one of his clinical surgical dressers, and subsequently as his 
resident house surgeon, and I owe him a deep debt of gratitude for many favours received. Syme was public- 
spirited and masterful, and stood up for the rights of the students on all occasions. He was the very embodiment 
of hospitality. Few savants visited Edinburgh who were not entertained by him in right princely fashion. He had 
as intimate friend and coimsellor the celebrated Dr. John Brown, the author of " Rab and his Friends," " The Twa 
Dogs," " HorsB Subsecivae," &c. 

Bennett taught physiology with much acceptance, but it was as a great teacher of clinical medicine that he 
made his mark and out-distanced all competitors. His work on Clinical Medicine was of the nature of a revelation 
at the time it was written. He was noted for his great clinical acumen and slashing oratory, and, at times, for 
his scathing sarcasm. He was, notwithstanding, one of the kindest and most entertaining of men. As his class 
assistant for two years I knew him well. 

Simpson was a great power in the University. He was justly celebrated for his originality and persuasive 
eloquence. His introduction of chloroform as an anesthetic, God's choicest gift to suffering humanity, placed him 
on a }x»destal all his own. His researches in obstetrics, acupressure, archa?ology, and other subjects carried his 
fame to all lands. Of him it could fittingly be said, — 

" He was a .scholar, an<l a ripe and gCHni one ; 
E-vooiHling wise, fair spoki-n, aii«l j>ersua<iing." 

(Joodsir attracted the students by his studious habits, his transparent honesty of purpose, wide grasp, and loftv 
ideals. He was without doubt one of the greatest human and coni|>arative anatomists Scotland has produced. He 
was deeply versed in cells, morphology, and teleology, and anticipated Virchow in much of his work on the first. 
He was profoundly learned, a philosopher of a high cast, intent on getting at the root of everything. His teaching 
was considerably above his junior students, hut they, with the seniors, listened with rapt attention. He inspired 
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every one with his own enthusiasm and love of research. He devoted himself soul and body to his work, and for 
this sacrificed everything, even his health. He had, by continuous over-exertion, brought on paraplegia, as his 
co-professor in the chair of Logic, the celebrated Sir William Hamilton, had, by similar means, induced hemiplegia. 

The late Professor William Sharpey of London told me on one occasion that Goodsir's habit was to read and 
to work late into the night, and instead of going to bed to throw himself on a sofa for an hour or two and then 
get to work again. While he was frail, very frail, on his feet, his head and hands were the head and hands of a 
giant. It was a touching sight to see him in his class-room steadying himself for a great eiSort — ^a grand genera- 
lisation in human or comparative anatomy, or a trenchant criticism of an unworthy or unprincipled opponent. In 
such cases his luminous grey eyes flashed, a little bead of foamy saliva gathered on his lips, and his arms, if free, 
went like flails. A storm of applause invariably followed these efforts. The enthusiasm and honesty of purpose 
of the man were catching, and ran through the students like electricity. If his students did not all succeed in 
completely following the great and original anatomist, they all revered and admired him, and none, however obtuse, 
came quite empty away. 

Under Goodsir and his predecessors in the chair of Anatomy — the three Munros, especially Munro secundtis 
— the Edinburgh School of Medicine had acquired a great reputation for its elaborate and highly finished dissec- 
tions, a circumstance which contributed in no small degree to the production of a race of great Edinburgh surgeons. 
Goodsir and Munro secundus were especially celebrated for their superb vermilion injections of animal organs and 
tissues of all kinds, and no finer examples of such injections can anywhere be seen than in the Anatomical Museum 
of the University of Edinburgh. Goodsir was a great dissector and preparation-maker, and had a hearty and pro- 
found appreciation of carefully executed, finished dissections. He had large, powerful, finely shaped hands, and 
wielded the scalpel with a dexterity and grace truly remarkable. He had no patience with slovenly work, and 
his students had no excuse for being bad or even mediocre dissectors. He placed before them the finest models, 
not only in the dissecting-room, but also in the University Anatomical Museum. 

It should here be stated that there is the greatest possible difference between the dry dissections seen in the 
dissecting-room and the wet dissections seen in the museum. An ordinary dissecting-room specimen, however well 
executed, if placed in water or spirit at once becomes a mass of untidiness and fluff. This follows because the 
fluid softens and floats out the cellular and other tissues, and reveals any accidentally cut fibres or flaws. The 
dissection made under fluid is infinitely more difficult, and it is only a master and expert in dissection who can 
make wet preparations. The time required to make a wet dissection is, moreover, six or eight times greater than 
that required to make a dry one. 

As showing Goodsir's passion for dissection he exclaimed on one occasion, " I love the horse ; I have dissected 
him three times." Goodsir and the Queen's famous sculptor for Scotland, John Steel, with whom I was intimate, 
dissected and took plaster casts of the horse together. These I have often examined and admired in Steel's studio. 
Goodsir had a high appreciation of the most beautiful and most spirited of animals, and drove the handsomest horses 
in Eidinburgh. 

Goodsir had under him, as Sub-curator of the Anatomical Museum and factotum, Mr. A. B. Stirling, one of the 
most remarkable men ever connected with a medical school. Mr. Stirling was a self-made, self-educated man, but 
naturally a gentleman. By great industry, constant application, and inherent ability, he overcame all obstacles. 
He could turn his hand to an}rthing. He prepared and injected subjects for dissecting, macerated bones, articulated 
skeletons, took plaster-of-Paris casts, made glass cases and microscopic cabinets, mounted preparations, re-distilled 
foul spirit, and attended to the anatomical department generally. Latterly he developed quite a genius for injecting 
and making microscopic specimens. He was the first to provide microscopic slides on a large scale for students. 
These were sometimes injected and sometimes stained, and were, as a rule, wonderfully beautiful and illustrative. 
His spinal cord and brain specimens, of which I have a unique collection, were quite the largest and finest seen 
in his day. He was the original inventor of the microtome, or graduated microscopic section-cutter, and excelled 
all others in mechanical microscopic methods. By means of his microtome he made the thinnest microscopic 
sections on record. To his many accomplishments he added much tact and great kindliness of disposition. He 
was ever ready to help others, and his deferential, resourceful, responsive nature made him a great favourite. 

I have dwelt upon Professor Goodsir and his able lieutenant because towards the end of my career as a medical 
student at the University of Edinburgh I was brought much into contact with both. 

At the end of the winter session 1857-58 Professor Goodsir gave out as the subject of his senior anatomy gold 
medal for session 1858-59, " The Arrangement of the Muscular Fibres in the Ventricles of the Vertebrate Heart." 
This formed the veritable Gordian knot of anatomy, and had been a subject of dispute for some 200 years. 
Vesalius, Albinus, Haller, and De Blainville had all confessed their inability to unravel it. It certainly was a tough 
piece of work to ask students to undertake, but the problem was quite Goodsirian in character. It was involved 
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and knotty, but explanation there certainly was if it could only be dug out. Many of us stood aghast when the 
subject of competition was announced, but it gradually settled into our slow, persevering Scotch minds, my own 
amongst the rest, and became less formidable on closer acquaintance and as time rolled on, on the principle that 
" familiarity breeds contempt." 

Like Don Quixote, I determined to have a tilt at the windmill. Having fortified m}^self with all the literature 
on the subject I could lay hands on, I left Edinburgh for my home in Lanarkshire. Arrived there, I eagerly scanned 
and mentally took note of everything written on the structure of the ventricles. The accounts given were meagre, 
conflicting, and so imsatisfactory that I resolved to investigate the subject de novo. I at once proceeded to dissect 
every kind of heart within reach and in large numbers. I also took the precaution of making careful drawings 
and notes of each dissection for future reference and comparison. The hearts chiefly employed, at the outset, were 
those of the sheep, calf, ox, and horse. I soon found that if satisfactory progress was to be made I must devise 
a new method of dissection, and it was at this juncture that my career as an original dissector and maker of pre- 
parations began. After frequent attempts and failures at hardening the ventricles of the heart by means of methylated 
spirits, chemicals, &c., I hit upon the expedient of stuffing and gently distending them with dry oatmeal (a truly 
Scottish procedure), and slowly boiling them for from four to five hours. This enabled me to get quit of all the 
external fat, blood-vessels, nerves, lymphatics, and cellular tissue. I then immersed the ventricles in proof 
methylated spirit for a fortnight or three weeks to harden them. I found that the ventricles so treated were in 
the best possible condition for dissecting, and that, as a matter of fact, I could separate and peel oft the muscular 
fibres of the ventricles in layers as I would the layers of an onion. The new mode of dissection virtually gave 
me the whip-hand of the situation. I soon satisfied myself that not only did the muscular fibres of the ventricles 
form layers, but that the layers were of two kinds — namely, external and internal — ^and that the muscular fibres 
forming the external layers wound in a spiral direction from left to right from above downwards, while the fibres 
forming the internal layers wound in an opposite spiral direction from right to left from below upwards ; that, 
in fact, the muscular fibres of the external and internal layers formed two sets of opposite spirals which crossed 
each other, the crossings becoming more oblique as the fibres constituting the central layers were reached. I 
subsequently discovered that the muscular fibres forming the external layers were divided into two sets of spirals 
(a right- and a left-handed set), and that the muscular fibres forming the internal layers were similarly divided 
into two sets and formed opposite and complemental spirals ; the two sets of external spirals being largely con- 
tinuous with the two sets of internal spirals at the apex and at the base of the ventricles and producing perfect 
symmetry, the symmetry being most marked in the left ventricle. The ventricles were evidently constructed on 
the lattice girder principle, where stajrs and struts are employed in every direction to give the greatest amount of 
strength with the least possible material. Here was an anatomical puzzle of the first magnitude. I was sorely 
perplexed, the more so as I found that the spiral external muscular fibres were, as stated, for the most part 
continuous with the spiral internal muscular fibres at both the apex and base of the ventricles. I paused and 
pondered, but no further light was vouchsafed. A lucky accident came to my assistance. One day I came down 
to dinner a little earlier than usual, and casually taking up a newspaper commenced to roll it layer upon layer 
obliquely from one corner as grocers do in making conical paper bags. I observed to my surprise that the lines 
of print on the several layers of the newspaper ran in different directions according to a graduated order ; the 
lines of print on the outer layers rimning spirally from left to right downwards and becoming more oblique as the 
central layer was reached ; the lines of print on the inner layers running spirally from right to left upwards and 
becoming more vertical as the central layers were receded from. The lines of print on the external and internal 
layers crossed each other at increasing angles, letter X fashion, as the central layer was approached. I 
observed further that the lines of print forming the external layers of the newspaper were continuous at the apex 
of the cone with the lines of print forming the internal layers of the newspaper, and that if I folded the internal 
layers of the newspaper outwards at the base of the cone the various internal lines of print corresponded in 
direction with the various external lines of print, producing continuity of the print at the apex and base respec- 
tively, as in the ventricles of the heart, and giving rise to a methodical but complicated series of figure-of-eight 
loops, the loops being directed vertically in the superficial layers and transversely in the deeper layers. A closer 
examination of the newspaper cone with its lines of print revealed a mathematical arrangement of marvellous 
complexity and beauty ; the lines of print on the outside and inside layers of the cone making left and right spirals 
continuous at apex and base and gradually changing direction and crossing at more oblique angles as the central 
layer was reached.^ Here was the whole thing in a nutshell. It was a case of the reading turning in or involuting 
at the apex and of the reading turning out or evoluting at the base. It was, in short, a mathematical problem of 

' Two .slu'cts of in'\\spa|H'r sot at a cert-aiii aiiglo and nillcd into a vouv, tlio onr within tho othor. ^vo the two sets of external spiral readings 
and the two sets of internal spiral remlin^ nuining in opposite dinrtions which produce i>erfect symmetry. 
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the mo6t intricate yet simple description. I involuntarily cried, '* evpriKa,^^ as I instinctively felt that I had 
mastered the problem. The rest was easy. It was simply a matter of further dissection and accumulated proof. 

When the beginning of the winter session (1858-59) came round I betook myself to Edinburgh with all my 
belongings in the shape of dissections, drawings, notes, &c. Arrived there, I at once cast about for fresh material. 
I ransacked the leading fish-shops and obtained the hearts of the cod, salmon, sunfish, fishing frog, and turbot. I 
was fortimate in securing the heart of a monster shark which was killed in the Firth of Forth. I also called at 
the large hotels and got several fine turtle hearts. I likewise procured the hearts of the tortoise and alligator. 
I further made raids on the poulterers, and got the hearts of the duck, goose, capercailzie, and turkey, and one 
splendid swan's heart. 

The arrangement of the muscular fibres in the ventricles of the heart of the fish, turtle, &c., was simple and 
interesting, but did not throw much light on the complicated arrangement met with in the ventricles of the bird 
and mammal. The muscular fibres in the former follow a vertical, oblique, and transverse plicated direction with 
certain fibres running from without inwards, and the converse, in such a manner as to antagonise each other and 
to give rise to a porous, spongy condition of the interior of the ventricular wall, an arrangement calculated to 
confer great strength and to triturate and mix the blood where required. The arrangement of the muscular fibres 
of the ventricles of the bird was in every respect similar to that occurring in the ventricles of the mammal, with 
the exception that in the right ventricle of the bird a muscular valve took the place of the fibrous tricuspid valve 
in the mammal, a modification readily secured by the muscular fibres, which in the right ventricle of the bird fold 
over and are continuous at the base, splitting into two and forming a concave pouch — the concavity of which is 
directed downwards and towards the septum of the venfricles. 

I dissected a comparatively large number of mammalian ventricles, including those of the sheep, calf, ox, horse, 
deer, pig, porpoise, seal, lion, giraffe, camel, and man. I found that as a whole the ventricles of the sheep gave 
the best results. I made in all 112 finished dissections and drawings of the ventricles referred to. These dissec- 
tions and drawings were made in my lodgings in the small hours of the morning when my other work was over 
for the day, and none of my fellow-students knew that I was at work on the subject. Time passed rapidly, and 
when it was within a fortnight or so of the period fixed for giving in the dissections, drawings, and descriptions 
thereof I had still much to do. There was nothing for it but to work night and day, and this I did continuously 
for over a week. My dissections, drawings, and essay were labelled " Per ardua,^^ Professor Goodsir and all others 
being ignorant of the author. The day for awarding the medal came round and the great anatomical theatre was 
crowded with some 400 students, all more or less on the qui vive. The professor's table was littered with dissec- 
tions in flat glass jars immersed in pure spirit. There had evidently been a keen competition, and curiosity was 
raised to a high pitch because of the praise lavished upon some student as yet unknown. When the envelopes 
containing the mottoes of the competitors were opened I found to my surprise that I was the lucky one. A 
hearty round of applause followed the announcement, and every one seemed pleased. Professor Goodsir asked me 
to call on him next day, which I did. He was anxious that the heart dissections should be presented to the 
Anatomical Museum of the University of Edinburgh and moimted in separate glass jars as a collection. He also 
requested that I should do the moimting myself. I readily assented to both propositions, feeling that the dissec- 
tions, if valuable, should be deposited in some public institution and be available for reference. 

Specimen photographs of my dissections of the muscular arrangements of the ventricles of the mammalian 
heart are given at Plates xcvii. and xcviii., in the body of the work. 

During the summer session of 1859 I permanently put up in neat glass jars, with glass tops designed by 
Professor Goodsir, my 112 original dissections. While so engaged I worked in one of Professor Goodsir's rooms, 
next to that usually occupied by Mr. A. B. Stirling. This was my first experience in mounting preparations per- 
manently for museum purposes. Mr. Stirling imparted much useful information, and was very kind. He gave me 
my first lessons in injecting, showed me how to re-distil soiled spirit, to make and mount microscopic specimens, &c. 
I was greatly indebted to him in many ways, and had a sincere regard for him. 

The higher dissection and preparation-making require much patience, skill, and delicacy of manipulation. They 
also require much time. I, however, loved the work. During the summer of 1859 I took photographs of my 
dissections in their jars on the roof of the anatomical department of the University of Edinburgh with a view 
to illustrate and remodel my essay in memoir form, ^' On the Arrangement of the Muscular Fibres in the Ventricles 
of the Vertebrate Heart," which was to be communicated to the Royal Society of London.^ 

In the autumn of 1859 Professor Syme, Professor Sharpey, and Professor Allen Thompson paid me a visit 
at the University of Edinburgh Anatomical Museum to inspect my dissections, and Professor Sharpey was so 

* The memoir I find was communicated to the Royal Society of London by Professor John Goodsir on Nov. 22, 1859. It was published 
in extenso with five plates (72 figures) in the Philosophical Transactions in 1864. 
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favourably impressed that he expressed the opinion that they should form the subject of the Croonian Lecture of 
the Royal Society of London for 1860. His opinion having been endorsed by the Council of the Society, I was 
invited to discharge that onerous duty in April of that year. Having had no experience as a lecturer, and being 
only a third-year medical student, I undertook the task with grave misgiving. The lecture, however, passed 
off very satisfactorily, and evidently gave great satisfaction. I had prepared large transparent models of the 
ventricles of the heart, which showed how the two sets of spiral external fibres became continuous with the two 
sets of spiral internal fibres at the apex and the base, and how the spiral external and internal fibres formed 
external and internal layers which crossed each other. These models fairly captivated the audience ; the more 
especially as they were corroborated in every detail by the actual dissections which were on the table beside 
me. An abstract of my Croonian Lecture was published in the Proceedings of the Royal Society under date 
April 19, 1860. 

At the end of the winter session 1859-60 Professor Goodsir gave out as the subject of his senior anatomy gold 
medal, " The Nerves and Ganglia of the Vertebrate Heart." The subject, however, was considered so difficult 
that no one competed for the much-coveted prize. In the summer and autumn of 1860 I had to prepare for the 
medical faculty an original thesis or inaugural dissertation on some scientific or professional subject with a view 
to graduate in medicine in 1861, and was induced to tackle the dissection of the nerves and ganglia of the heart; 
a fresh hare was put up for me, and this more swift and cunning than the first. I selected as the title of my 
thesis, " The Ganglia and Nerves of the Heart and their Connection with the Cerebro-spinal and Sympathetic 
Systems in Mammalia." The preparation of the said thesis was, as I soon discovered, a very arduous task, as 
it necessitated my making a series of very difficult and delicate dissections. The dissections were carried on in 
a private room adjoining the Anatomical Museum, where I had frequent visits from Professor Groodsir. The interest 
which he took in the work as it progressed was quite remarkable. I made fifty-two nerve-dissections in all — ^namely, 
three large dissections of the calf, cat, and rabbit, showing the connection of the cardiac nerves with the cerebro- 
spinal and sympathetic systems of nerves, and forty-nine smaller dissections showing the distribution of the nerves 
and ganglia on the large vessels (the aorta and pulmonary artery) at the root of the heart, and the small vessels 
(the coronary sinus, anterior and posterior coronary arteries, &c.) on the surfaces and in the substance of the heart. 
I also prepared numerous microscopic specimens of the cardiac ganglia to show how the cardiac nerves were con- 
nected with the nerve-cells. The hearts dissected comprised those of man, the horse, calf, sheep, camel, panther, 
alpaca, and seal. 

In this investigation, as in that of the muscular fibres of the ventricles of the heart, I had to devise a new 
mode of dissection. As every one knows, the sulci or grooves separating the diKerent portions of the heart, if not 
the heart itself, are loaded with fat, and in this fat the nerves, in some cases as fine as silk threads, are for the 
most part lodged. It was of no use attempting to remove the fat by the ordinary methods of dissection ; it stuck 
to the scalpel, and in trying to get rid of it the nerves were displaced, stretched, and, in many cases, cut. I 
therefore fell back on my hot-water process, but in a modified form. The nerves of the heart were much too 
delicate to admit of boiling ; I consequently employed hot water, a little below the boiling-point, and with remark- 
ably good results. 

As the cardiac nerves were also too fine to bear handling or rough treatment of any kind I constructed an 
oblong metal trough to contain the hot water. This was provided with broad, flat ledges to support my arms and 
hands when dissecting ; the troughs had at either end an arrangement for receiving a revolving spindle which 
could be elevated and depressed at pleasure. The heart to be dissected was transfixed by the spindle which ran 
through one of the openings of the left auricle and the apex of the left ventricle. The spindle, with the heart fixed 
on it as explained, could be placed in any convenient part of the trough and elevated or lowered and rotated at 
will. I was thus enabled to work at the nerves on any part of the surface of the heart without handling the viscus 
— a matter of very considerable importance where everything was so fragile. When everything was ready and the 
spindle and heart were in position the trough was filled with nearly boiling water, the water being allowed to rise 
half an inch or so above the surface of the heart, the nerves of which were dissected under the hot water. The 
nerves were not dissected in the ordinary way with forceps and scalpel or with forceps and scissors. This would 
have resulted in the stretching, displacing, breaking, and cutting of the nerves. I therefore took an old nerve 
scalpel and blunted its cutting edge and point, and employed it as a needle for teasing out the fat, cellular 
tissue, &c., in which the nerves were imbedded. The fat, being partially melted by the hot water, was in the 
best possible condition for being teased out and, when so treated, it floated away. I never employed a knife, and 
very rarely scissors. By these means I was enabled to dissect tlu* most delicate cardiac nerves in situ. They 
were in no case dragged or displaced. Tlic hot water, moreover, always kept them taut and as they appeared 
prior to dissection. 
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[I here append photographs, Uken by myself, of some of my nervp diHsections (Figs. 1 to 7). They are fully 
described at pp. r»7:i, 574. and "175 (Figs. 21.') tn '219 indtisivp). in the body of the present work.] 




The hot-water method of dissecting was. in warm weather, very opjjreasivp and severe on the eyes, but very 
satisfactory. The more heat and light, the better the result. It had only one drawback : the hearts, if not worked 
off in three or four days at most, were apt to become soft and to putrefy. This tendency to decay involved con- 
tinuous work and a great strain while dissecting, so much so that, looking back, I am inclined to believe that the 
hot-water nerve -dissect ions were the most troublesome and difficult I have ever executed. When the hearts which 
were dissected under hot water were freed from fat, cellular tissue, Ac, and the nerves were carefully dissected 
out, 1 boiled them, in some cases, in sulphuric ether — an expensive and ticklish process^ — resulting, in my case, in 
two rather serious explosions. The hot ether dissolved any tiny particles of fat which had escaped the hot water 
and my improvised blunted teasing scalpel. The nerve -dissections of the heart prepared in this way presented such 
a clean, smooth surface that in some cases they appeared more or less polished. One great advantage of the process 
was the non-stretching and the keeping of the nerves in exactly their original positions ; the hot water, as explained, 
preventing the nerves from becoming lax. Care had to be exerciseii as to the temperature of the water employed ; 
if too hot it shrivelled the nerves, if too cold the fat was not melted and could not be teased out. 

As it was necessary in certain cases to distinguish the nerves from the finer blood-vessels, capillaries, and 
lymphatics, I resorted in not a few instances to injecting the cardiac blood-vessels. I explained to Mr. Stirling, 
who worked in an adjoining room, that I would require to employ an injection which could be forced into the 
VOL. III. 2 p 
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blood-vessels in the cold state and which would stand the heat and not shrivel on cooling. He at once suggested 
a cold injection of flour-and-water coloured with vermilion for the arteries and ultramarine blue for the veins. 
The idea was to make a stiff paste within the vessels by means of the hot water. This homely injection suited my 
purpose admirably, and nearly all of my injected nerve-dissections of the heart were so treated. 

The nerves of the heart, as already indicated, were much more difficult to dissect than the muscular fibres 
of the ventricles. They were gossamer in texture, and the slightest slip of even the blunted scalpel made havoc. 
It was a case of constant watching, and the strain on head, eyes, and hand was very trjring. I worked at the 
nerve-dissections from 8 a.m. to 6 p.m. each day for a whole summer and autumn, with an interval of an hour 
for luncheon. Nine hours' continuous work in and over hot water and in the heat and glare of the summer and 
autunm was, to say the least, not a little fatiguing. Experience, however, taught me that it was necessary to finish 
the nerve-dissections with all possible despatch. There was, as stated, a danger of their softening and even decom- 
posing, if the dissection was too long continued. The hot water and the heat of sunmier necessarily emphasised 
the danger. I was, however, between Scylla and Charybdis. A strong light and a strong heat were both necessary 
to enable me to accomplish the delicate work on which I was engaged. 

The summer session of 1860 was one of the busiest of my life. I got up each morning at four o'clock, and 
in the early hours wrote an essay on the " Presumption of Survivorship," which secured for me the gold medal in 
the class of medical jurisprudence. This essay was published in the British and Foreign Medico-Chirurgical Remetc 
for January 1865. The nerve -dissections of the heart, as it turned out, were wholly successful, and, with my 
inaugural dissertation describing them, obtained for me in 1861, when I graduated in medicine, a thesis gold medal 
the highest honour the University of Edinburgh confers. The dissertation, which was illustrated, and contained 
drawings of the nerves of the heart and of the microscopic appearances presented by the ganglia of the nerves, 
was deposited in the University of Edinburgh Library, where it may be consulted. The nerve -dissections themselves 
I presented to the Anatomical Museum of my alma mater, where they can be examined. I mounted them in glass 
jars with glass lids as I had done the muscular fibre preparations of the ventricles. The muscular fibre and nerve 
dissections of the heart presented by me to the Anatomical Museum of the University of Edinburgh number in 
all 164. I subsequently photographed the nerve-dissections as I had done the muscular fibre ones, and a short 
account of them appeared in the Proceedings of the Royal Society of Edinburgh for 1865. They were also described 
and figured in my lectures " On the Physiology of the Circulation in Plants, in the Lower Animals, and in Man," 
which were originally published in the Edinburgh Medical Journal during the years 1872 and 1873, and subsequently 
republished by Messrs. Macmillan in book form in England and America in 1874, with 150 illustrations on wood. 

Towards the end of 1862 I was appointed first assistant in the Hunterian Museum of the Royal College of 
Surgeons of England, founded by the illustrious John Hunter, where Owen and Quekett had been conservators, 
and where Paget and Huxley often worked. The museum afforded endless opportunities for dissecting, injecting, 
making and mounting anatomical preparations of all kinds. It possessed vast stores of human and comparative 
anatomy stowed away in tanks, jars, bottles, Ax., and fresh material was sent in quantity from all parts, especially 
from the Zoological Gardens in Regent's Park, and the various London hospitals. I found the higher dissection 
at the Hunterian Museum at a very low ebb. The museum could boast many magnificent specimens, the work 
of the famous John Hunter and others who followed him in bygone days, but fine modem preparations were con- 
spicuous by their absence. As a matter of fact, no new high-class dissections or injections were being made, the 
authorities largely contenting themselves with remounting old specimens and keeping the collections in a state of 
efiiciency. The art of making original dissections and injections had apparently been lost. There was, moreover, 
something like stagnation in the upper workrooms of the museum which I occupied, and where dissecting, injecting, 
and remounting were carried on. 

I was allowed two assistants, Thomas and William Pearson (father and son). Old Tom the father was very 
gouty and somewhat frail, but a fine specimen of a frank, genial Englishman. His work consisted in remounting 
specimens and attending to store preparations. William, the son, waited upon me and performed minor offices 
in niv (le])artnient. He was a well-grown, gooil-natured lad, eighteen or twenty years of age, with a plain education 
and no knowledge either of anatomy or dissecting or preparation-making. I found him useful and faithful, and. 
as he took an intelligent interest in my work, I was delighted to teach him everything. He was very painstaking, 
and ultimately iH^came a first-rate dissector. I give these details as he is the only individual living who knows 
and has practised mv peculiar modes of dissecting, injecting, and ])reparation-niaking. This he has done for over 
thirty years with great advantage to the museum and profit to himself. 

There were at the Hunterian Museum three workrooms in all, situated at the top of the building. These 
rooms were, when I entered on my duties, in a most insiinitary condition. They were crowded with large and 
small jars and bottles containing vegetable and animal s|HHiinons of every conceivable kind. As the lids and 
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stoppers of many of them were imperfect, and the spirit in which the Bpecimens were immersed had evaporated, 
the contents in many ttases were semi-putrid and evil -smelling to a degree. As a eonsequence the atmosphere 
was laden with foul spirit and decomposing vegetable and animal matt«r sufficient to engender a plague. I at 
once set about sweeping out the Augean stables, and had all the jars and bottles overhauled, useless' specimens 
thrown away, and fresh spirit added to such as were to be kept. The jars and bottles were also carefully stoppered. 
The amount of soiled spirit liberated during my cleansing operations, which under ordinary circumstance would 
have been thrown away, was sufficient almost to float a Spanish galleon. In order to prevent what would have 
been culpable waste I had a small rectifying still erected, similar to that employed in the anatomical department 
of the UniverBity of Edinburgh. Prior to my arrival all old and foul spirit was destroyed. The spirit employed 
in putting up preparations of every kind, even new preparations, was diluted methylated spirit with a distinctly 
yellowish tinge. Pure white, limpid, rc-dis- 
tiiled spirit was unknown to Mr. W. H. 
Flower, the conservator, and to the museum 
authorities. 

With a view to protect myself from the 
unsavoury, unwholesome atmosphere of the 
upper workrooms I invariably worked at an 
open window, preferring occasional colds to 
possible blood-poisoning. William Pearson 
was always at my elbow, as I required him 
constantly for holding, tying, cutting, olean- 
ing instrumente, attending to syringes, pre- 
paring injections, hot water, Ac. 1 had 
always a kettle with boiling water on the 
fire in winter and a saucegian with boiling 
water on a Bunsen burner in summer. 
Boiling or very hot water was my sheet- 
anchor in every kind of dissection. My 
dissections were generally made in cold 
water. They were, however, invariably 
finished by the aid of hot water in a manner 
to be presently explained, I made hot and 
cold injections, but greatly preferred the 
latter worked up and finished in hot water, 
as they did not shrink on cooling, and always 
looked plump and fresh. I employed gelatin 
variously coloured for my hot injections, and 
white of egg, farina of various knnds. and 




Fio, e.^A. Sewtion of » Urge romni flat cajBiile ur jar. a. Hidv of ui|ittule ; b, fi]aga 
till of cHpsule i c, dimrctinn imticddcd in plnstcr-or-rBriii [di ; e. C!lFi>r.Hi>iriL 

B. Thi; calwitlc nr jar u eev.n frDm aVivl- nii<) \vlon. Slicws a sei:tinn of it liimiaii 
bruin imbediied in the plaster-or-PiiriH aliI covered with spirit. (Ihutvii Ky C. Berjraii 
for tlie Author.) 



plaster-of- Paris for my cold injections. The pi aster-of -Paris injections, which were my invention, were especially 
successful. They took the most brilliant colours, did not shrink, and could be worked up in cold or hot water 
as desired. They, moreover, could be indefinitely preserved in spirit, which they did not in the least 
discolour. 

During my first year at the Hunt«rian Museum (1863) I devoted a considerable amount of time to devising 
and perfecting new modes of dissectmg, injecting, and pre pa ration -ma king and mounting. In this year I introduced 
the following novelties in museum-work in London : (1) the re -distillation and purification of foul spirit as carried 
on at the Anatomical Museum of the University of Edinburgh ; (2) a new form of preparation -jar with flat ground 
top and glass cover as devised by Professor John Goodsir ; (.1) my hot-water methods of dissecting employed by 
me in Eldinburgh in 1858, IW.'jfl, and 18fiO; (4) my mode of injecting blood-vessels with liquid plaster-of -Paris 
coloured red for the arteries, and blue for the veins ; (5) my method of distending the hollow viscera (heart, 
stomach, intestine, bladder, and uterus) and cavities generally with licjuid plaster-of- Paris variously coloured ; 
(6) my plan of mounting dissections for teaching, examination, and museum purposes in liquid plaster-of-Parb run 
into the bottoms of large flat jars, capsules, and troughs, containing spirit and covered with glass lids (as the 
plaster-of -Paris was coloured with ultramarine blue the dissections were thrown out in rehef, the effect being highly 
artistic) ; and (7) my mode of dividing the human body into sections by the aid of a very thin, finely toothed 
saw. By this means I obtained beautiful lateral, aatero -posterior, and transverse sections of the head and neck, 
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the brain and soft parte being supported by the bones, cartilages, and hard parts. I also got fine sections of the 
human foot and other parte.^ 

[I annex drawings and photographs of : [a] my large flat jais with ground rims and transparent glass tope 
containing a dissection imbedded in plaster-of-Faris and covered with spirit ; (b) an antero-poeterior section of 
the human head and neck showing the brain and soft parte in ailu ; (c) a longitudinal section of the hard and 
soft parts of the human foot ; and ((£) a pi aster-of -Paris cast of the ventricles of the human heart (Figa. 8 to 11).] 

At the end of my first year in the Hunterian Museum an exhibition of the specimens (anatomical, physiological, 
and pathological) prepared during the year was held in the theatre of the Royal College of Surgeons of England. 
It was open to the scientific and professional public. Every one seemed pleased with the quantity and quality of 
the work done. It was a novelty in London to see highly fuiished dissections mounted in pure, colourless spirit 

in crystal jars with glass lids which admitted a flood 
of light. Similar annual exhibitions were held each year 
while I was in office. At these exhibitions anatomiste, 
physiologiste, physicians, surgeons, and other distinguished 
men were frequently present, and in this and other ways 
I was privileged to make the acquaintance of nearly all 
the leading medical and scientific men in London and the 
provinces— ^ir William Lawrence, Sir William Fei^^uson, 
Sir James Paget, Sir George Burrows, Sir Thomas 
Watson, Professor Owen, Professor Huxley, Professor 
Sharpey, Professor Humphry, Professor Rolleston, Charles 
Darwin, Lockhart Clarke, Sir Andrew CUrk, Sir Richard 
Quaiu, Dr. W. B. Carpenter, Sir John Lubbock, Dr. 
St. George Mivart, Dr. Ekjwaid Gray, Dr. Albert Gunther, 
Dr. James Muiie, Sir B. W. Richardson, Sir T. Spencer 
Wells, Dr. John Rae, Sir William 8. Savory, Mr. Wheel- 
house, Sir Samuel Wilks, and others. 

As is well known, the Royal College of Surgeons of 
England, in addition to being the proprietors and cus- 
todians of the Hunterian Museum, are also a great ex- 
amining body. During my term of office at the museum 
the examinations for Membership of the College were held 
in the theatre of the College adjoining the muaeum, bat 
all under the one roof. At certain periods of tha year 
a number of medical studente from the several London 
hospitals called " prosectors " came to the College to 
dissect bodies for the examinations. The dissections in 
some cases were none of the best, and as freeh diaaectionB 
had to be made for every examination it occurred to me 
that much time and labour would be saved if I supplied 
the Court of Examiners with a set of carefully prepared, 
permanent examination specimens. I carried out my intention aa follows. I procured a number of lai^, flat glass 
jars and earthenware troughs of various shapes, having a diameter of from twelve to eighteen inches. The upper 
edges or rims of these were ground flat to receive glass lids which could, if required, be hermetically sealed. When 
the dissections, prepared according to the hot-water method, were made I ran coloured liquid plaster -of- Paris (pre- 
ferably dark blue) into the bottoms of the jara, and placed the dissections in the plaster-of -Paris before it set. 
TIk" result was artistic to a degree. The coloured plaater-of-Paris contrasted finely with the pale dissections and 
made them stand boldly out. I injected the blood-vessels also with coloured liquid plaster -of- Paris — the arteries 
red, the veins blue. The specimens prejMircd in this way consisted of : — 1. Sections which I made with a thin. 

■ r) III tliP MiiBMini C'lininiitlpe of date Jnn. fi. ie»4. 

nii-MBiry Ui l-bII the attcntiun of tin- cuiuiiiitlM if 
' iivw iiivjniivliuns ill Hpirit, |il]yHinlogi<«l nnd f«tlii>' 
.'iiiK llic wiirkiiKiniH, tli> condition of wliich. IwDi u 

■it t>x)>piitiiviitH li>vu also been made as to tlip Ih'aI 
lit iir wliidi ijuitv justiHes thi- ex|wiiditun' iJ 




Fin. P. — Photograpli of an anlero- posterior aoction of s human head 
and netk with the liard and soft jiarU I'u kUk. Shows tlic rij^lit and 
left cerebral lobes, certbelluiii, and tlie trsck for tlie Hpiml tord. 
When the section was made tlic Imrd and soft |i«rt« were in ajijioiiiliDn. 
The brain lias iiiifortniiatcly shrivelled owing to tlie action of tlie 
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FeO. 10. — Pliotngrajili of a loDgitudinal seotiuii of the human foot (yoUDS 
individual), showiiijtthe hard and soft jiartii in sita — preserved in HpiriU inftatlened 
jar nith slaoi top. IMaplays the hvautiful loiiKitudi mil arch made by the bones of the 
the soft fatt; inds on the under surface of the fool at the heel and 



ball of the foot which cushion it 
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fine-toothed flaw of the head and neck — vertical, antero-poBterior, and lateral, also horizontal or transveise — at 
intervals of an inch or so, showing the nares, cavity of the mouth, fauces, pharynx, vocal chorda, brain, and skull, 
in situ. Similar sections (antero-poeterior views of the brain, skull, and soft parte) were put up permanently in 
glass jars in Room V. of the museum. 2. Sections of the foot — bones and soft p&rt«. 3. Dissections of the viscera. 
4. Dissections of the muscles, blood-vessels, 
and nerves of various regions. 5. Dissections 
of glands, ligaments, tendons, &c. These ex- 
amination specimens, prepared and mounted 
permanently as described, were humorously 
designated " pickles " by the students, and I 
fear gave badly prepared men some trouble. 
They have now, I am glad to find, come into 
general use in the various teaching and 
examining institutions In this and other 
countries. So highly pleased was the Court 
of Examiners with the so-called " pickles " 
that the President of the College, Mr. John 
Hilton, was instructed to offer me an hono- 
rarium for the extra labour involved and as an 
acknowledgment of the new method. This I 
respectfully declined. 

As my hot-water method of dissecting the 
muscles and tissues generally has never been 
described or published, the following short 
account may prove interesting and welcome. Supposing a human forearm was to be dissected, the following was 
the mode of procedure. I first carefully dissected the part with a scalpel and forceps in the ordinary way as I 
would a dissecting-room specimen. I then pUced the part in a trough of cold water and re-dissected it under water 
with forceps and scissors, chiefly the latter. The re-dissection under water was a tedious process, and required much 
care and patience, the amount of fat, cellular, and other tissue to be 
removed being quite extraordinary. This done, I raised the dissection to 
the surface of the cold water and poured over its several parts in succes- 
sion, from a wide-mouthed jug, hot water just off the boil. The result 
was the immediate shrinkage and permanent disappearance of all fat, 
cellular and other tissue, fluff, Sx., which had escaped the scissors and 
which so greatly disfigure ordinary dissections when placed in fluids. 
Dissections made by the hot-water method present a smooth, almost 
polished surface. Great care and skill were required in applying the hot 
water. If the water was too hot or too long applied the part of the 
dissection which was being dealt with was made to contract too much. 
This catastrophe was avoided by suddenly dipping the part of the dis- 
„ , section under treatment in the cold water, which corrected the mischief, 

and plBlta"»i.irally iirto"fhat'^of Uie^left ^ moderate application of the hot water effectually got rid of the cellular 
ventricle (t) ftt the ajiei of the lieart. Tliis oast tissue and fat of muBcle, but a larger quantity was required in dealing 
reiirodue^ the eiact ahaiie assumed by the blood ■ii,, ■, r ■ .i i-..ji. t.i 

]inor to iu being forced out of the ventncles during With blood-vessets, lascife, tendons, ligamente, and bones. In the case 
ihe cloeure or contraction of the right and left of muscle the hot water was appUed until the cellular tissue disappeared 
TentnciUar walls. . f^ , 

and the muscles were sumciently shrunk to present a normal appearance. 
In the case of blood-vessels it was applied until the cellular and fibrous structures presented a compact, even 
surface. In the case of nerves (the nerves of the heart, which, as explained, required special treatment, excepted) 
it was applied sparingly, and only until the strands of nerve-fibres were brought into relief. In the case of glands 
the dissector had to use his discretion. By a judicious use of hot water all the tissues of the body can be 
perfectly cleaned and rendered more or less taut relatively to each other. In this way the flaccid, dragged appear- 
ance presented by ordinary dissections is avoided. When every part of the specimen had been carefully subjected 
to the hot-water treatment the dissection was placed in a trough of weak spirit and dissected a third time. The 
third dissection in weak spirit was final, and not usually a serious business. The specimen was then suspended 
by silk threads in a crystal jar containing rectified spirit and hermetically sealed, preferably by the aid of a glass 
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lid fixed with gelatin dissolved in acetic acid. Dissections made by me according to the hot-water method some 
thirty-seven years ago are as good to-day as when first put up. They will, I believe, practically last for ever if 
kept supplied with spirit of the requisite strength. All such preparations require to have fresh spirit added 
occasionally — to make good the deficit caused by slow evaporation. 

The plaster-of-Paris injections were made as under. Nozzles or short end tubes adapted to the point of the 
syringe to be employed in injecting were fixed in the blood-vessels, hearts, hollow viscera, &c., the whole being 
immersed in cold water in a deep basin by themselves. A handful or more of the finest plaster-of-Paris procurable 
was then dropped into two separate basins, each of which contained a given quantity of cold water, the water 
in the one case being coloured with vermilion, and in the other with ultramarine blue. When the liquid plaster- 
of-Paris, coloured as explained, was of the consistency of cream it was gently drawn into the interior of the syringe 
to prevent the ingress of air. The point of the syringe, charged with liquid plaster-of-Paris minus air, was then 
inserted into the nozzles fixed in the blood-vessels and structures to be injected, and the contents were slowly driven 
home. This form of injection must be done expeditiously, as a period arrives when the plaster-of-Paris sets very 
quickly and refuses to flow. Plaster-of-Paris when once set is not disintegrated by the action of spirit, neither 
does it shrink nor appreciably diminish in volume when exposed to spirit or hot water. It, moreover, gives ofi 
no colour, which is important. It is advisable when making plaster-of-Paris injections to clean out the nozzles, 
syringes, and basins at once with cold water. If this precaution be not taken endless trouble follows, it being 
next to impossible to remove the plaster-of-Paris when once set. 

The more I employed the hot-water method of dissection and the cold mode of injection with liquid plaster- 
of-Paris, the more I was convinced of their value for teaching, examination, and museum purposes. In the old 
days specimens to be injected were slowly heated up in warm water and hot injections of various kinds gently 
forced into the blood-vessels, the specimens being dissected in cold water or in cold diluted spirit. As everything 
contracts on cooling the specimens prepared in this way looked withered and shrivelled when finished, a state of 
matters not improved by preserving them in spirit, which increases the shrinkage. According to the hot- water 
method introduced by me all these defects are avoided. In the new method the specimens in the first instance 
are placed in cold water and are injected with cold material — farina, flour, white of egg, or plaster-of-Paris. They 
are then dissected in cold water, hot water a little below the boiling-point being applied to them as the dissection 
proceeds. Specimens prepared by the new method do not shrivel when placed permanently in spirit ; on the 
contrary, they present a fresh, full, blooming appearance. It should be stated that in the hot-water process the 
heat employed in finishing the specimens causes sufficient shrinkage to prevent further shrivelling when the specimens 
are finally placed in spirit for permanent preservation. The shrinkage obtained by the hot-water process is of the 
utmost importance, as it enables the dissector to contract and tighten tissues of all kinds which may have been 
dragged out and rendered flaccid during the process of dissection. By continually raising the temperature of the 
hot water a flaccid muscle can be made to assume the shape and position natural to it in a state of contraction 
or semi-contraction. This explains the taut condition of the tissues in my dissections of all parts of the human 
body and of the lower animals, especially their muscular arrangements. 

The hot-water method of dissecting and making anatomical preparations, coupled with the cold plaster-of-Paris 
injections of blood-vessels, hollow viscera, &c., and the mounting of dissections in liquid plaster-of-Paris placed in 
the bottoms of flat glass jars, capsules, and earthenware and other troughs containing spirit and covered with glass 
lids, practically revolutionised the art of preparation-making, and introduced not only an element of stability, but 
also a distinctly artistic element. My methods were available equally for the largest and smallest specimens, and 
results not hitherto dreamt of were attained. It was possible to inject, to dissect, and to preserve a hip and thigh, 
a leg, an arm, or any large portion of the human body, or of the bodies of animals. Characteristic and outstanding 
specimens of human muscular dissections made by me by the hot-water method are to be seen in Room I. of the 
Hunterian Museum of the Royal College of Surgeons of England. Reference should also be made to the muscular 
fibre dissections of the stomach, bladder, and uterus, to be described presently. As examples of cold injections 
with plaster-of-Paris the series of preparations illustrating the movements of the valves of the vascular system in 
vertebrates should be mentioned. In this series the blood-vessels and the cavities of the auricles and ventricles 
of the heart are injected with lit^uid plaster-of-Paris coloured red and blue. Mixed dissections, that is, dissections 
displaying nuiscles, blood-vessels, nerves, &c., are to be found in the comparative anatomy series. Examples of 
ordinary vermilion and other injections by me also occur in this series. The human and comparative physiological 
series of dissections and injections between the years \H(V.] and 18()8 were all made according to my methods, either 
by myself or by my assistant, William Pearson, under my immediate supervision. The cold injections and hot- 
water dissections were greatly admired by American visitors, and I had a tempting offer to cross the Atlantic and 
to commence ojx^rations on the other side. This offer I did not acce})t, from patriotic and other considerations. 
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In the years IMfi;( and 1H()4 I planned and commenced an elaborate series of dissections and injections of the 
human body, and of the bodies of the lower animals, on the hot-water and plaster-of- Paris methods. As a first 
instalment I took up the hollow viscera — namely, the heart, bladder, stomach, intestine, and uterus in man and 
animals. These I injected and distended with coloured li<iui(i plaster -of -Paris. I then dissected the blood-vessels, 
nerves, and muscular fibres of each by the hot-water process. I also, as already indicated, devised, and in large 
measure executed, a series of carefully finished hot-water and plaster -of -Paris dissections and injections for examina- 
tion purposes, the dissections being placed in liquid plaster-of -Paris run into the bottoms of large flat glass jars, 
capsules, and troughs filled with spirit and covered with glass lids. The various sets of dissections here referred 
to were all in hand at the same time, and were advanced by stages as suitable material came to the museum and 
was available. I worked at these continuously from 
18C3 to 1868, when I resigned my appointment at the 
miiseum from failing health. 

In addition to what I called the physiological series, 
a large number of pathological specimens were dissected 
and prepared on the hot-water system mainly by my 
assistant, William Pearson. During the years ISli;} and 
I8fj4 I made an extensive scriea of plaster-of -Par is 
injections and casts of the blood-vessels (arteries and 
veins), and of the several compartments of the heart, 
my object being to show how the valves of the blood- 
vessels and of the heart acted. I set the valves in 
motion by the liquid plaster-of- Paris, and when it set I 
could remove the walls of the blood-vessela or the 
walla of the auricles and ventricles in such a way as 
to display the valves in every possible position. The 
plaster-of -Paris injections gave exact casts of the blood- 
vessels, whether arteries or veins, and of the several 
compartments of the heart, and also of the valves and 
sinuses or pouches liehind the valvea. Further, tliry 
fixed the valves of the heart, arteries, and vein.s i)i 
various and perfectly natural positions. lastly, tli.'v 
gave the precise forms assumed by the blood and the 
valves at every stage of the diastole and systole of the 
heart. They conclusively proved that the blood takes 
a spiral form within, and is spirally ejected from, the 

ventricles during the systole, and that the semilunar tin? iwgiiiriits of the •orti 
and a uriculo- ventricular valves are spirally opened and ^n^wed into each otUeriiy a 
spirally closed. A result so novel could scarcely have jiiiKT^oni 

been foreseen. The proof obtained by the liquid plaster- [*f'i"»'™ "« >» » «t»i* "f int^twa; the ngl.t Buriculo-ventiiPuUr onnce 
of-Paris methods cannot, however, be gainsaid. The jar iu pure sjiirit n-ith hermetically g«i«d kIus tid. 
vascular series of dissections and plaster-of- Paris injec- 
tions and casts are thirty-two in number, and form part of the permanent collection of the museum. They were con- 
sidered worthy of separate descriptions in the museum catalogue. The results of this research, which entailed an 
examination of the entire valvular arrangements in the fish, the reptile, the bird, and the mammal, were com- 
municated on March 21, 18{i4, in the form of a memoir to the Royal Society of Edinburgh, and published in the 
Trnngaef-iom of that Society with two plates (fifty-seven %ures), the same year. The title chosen for the memoir 
was " The Relations, Structure, and Functions of the Valves of the Vascular System in Vertebrata," As I was 
most anxious to give faithful representations of the movements of the cardiac and other valves and of the varying 
shajje assumed by the blood during the diastole and systole of the heart, I took photographs of my vascular prepara- 
tions on the roof of the museum. These I developed in a small, improvised dark room under considerable difficulties. 

[Specimen photographs of the blood-vessels and heart as distended with coloured plaster -of-Paris, and of the 
structure and movements of the valves of the veins, arteries, and heart are given at Plate xcix. of the present 
work, which see. 

I also append a photograph (Fig. 12) of the base of the heart as preserved in spirit in its glass jar with the 
aortic and pulmonic valves in action.] 




' ■ eectiun uf tliu Iwne of the heart sliowi 

! und polnioniu vmlvea cloned, WHiged, si 

n q( liquid iilagter-of- Paris mode to fli 
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The results obtained by photography were so satisfactory that I urged the College authorities to construct 
a proper photographic studio and dark room on the leads for museum purposes generally. The subject was con- 
sidered, but nothing came of it. Progress is proverbially slow. It was not until the year of grace 1888 that a 
fitting photographic studio was erected. In that year a storey was added to the museum, and the claims of 
photography were duly recognised. Nothing daunted, I continued my photographic operations on the roof in the 
clear morning light. I photographed in succession my dissections of the muscular fibres of the bladder and of 
the stomach and uterus. The bladder dissections, forty-five in number, were finished in 1865, and a memoir based 
on them was communicated to the Royal Society on June 21, 1866. It was published in the PhUosophicil 
Transactions of the Royal Society in 1867 with three plates (fifty-six figures), under the title, '" The Muscular 
Arrangements of the Bladder and Prostate and the Manner in which the Ureters and Urethra are Closed." The 
bladders dissected included those of man and the lower animals ; they are permanently preserved and catalogued 
in the Hunterian Museimi. 

[Photographs of the bladder dissections are to be seen at Plates c. and ci. of the present work.] 

The bladder dissections were made as follows. I fixed an injecting nozzle or end tube in the neck of the 
bladder, and placed both in a deep basin of cold water. I then added a handful or more of the finest plaster- 
of-Paris to a given quantity of cold water in a second basin, the water being deeply coloured with ultramarine 
blue. When the coloured cold water and plaster-of-Paris were thoroughly mixed by stirring with the hand, and 
were of the consistence of thick cream, I slowly filled the injecting syringe to prevent the admission of air into 
it and cautiously distended the viscus, taking care to move it about between the hands in the cold water, in order 
to preserve its shape while the plaster was setting. The degree of distension could be regulated at discretion. As 
the deep blue plaster-of-Paris shone through the thin walls of the bladder, the muscular fibres, nerves, and blood- 
vessels were thrown into bold relief, and could be traced and dissected without difficulty by the aid of hot water. 
This plan had the great merit of putting everything on the stretch, and so securing the relative position of the 
muscular fibres, nerves, and blood-vessels to each other. The arrangement lent itself admirably to the hot-water 
process of dissection. 

The dissections of the stomach were made in precisely the same way, with the following slight difference (in 
some cases) for human stomachs. The walls of the human stomach being in some instances exceedingly thin — so 
thin, in fact, as only to furnish continuous layers in certain parts — the stomachs were artificially shrunk before 
being distended with liquid plaster-of-Paris. The shrinkage was effected as under : the pyloric end of the stomach 
was tied off, and the injecting nozzle fixed in the cesophageal or cardiac end of the stomach. A small quantity 
of nearly boiling water was then injected into the stomach, and the stomach was sunk in a trough of very hot 
water. The walls of the stomach, being bathed by hot water on either side, shrunk to the desired dimensions. 
The water in the interior of the stomach was then withdrawn, and cold, liquid, coloured plaster-of-Paris was made 
to take its place. The human stomachs so prepared were dissected by the aid of hot water, as in other cases. 
The stomach dissections, seventeen in number, included those of man, the monkey, horse, bear, cat, dog, sheep, 
and porpoise, and form part of the permanent collection of the museum. They were made the subject of a memoir 
communicated to the Royal Society in June 1867, with two plates (twenty-four figures), an abstract of the memoir 
appearing in the Proceedings of the Royal Society for June 20, 1867, under the title, '* On the Distribution of the 
Fibres in the Muscular Tunics of the Stomach in Man and other Manmialia." 

[Photographs and drawings of the stomach dissections by myself occur at Plates cii. and ciii. of the present work.] 

The dissections of the uterus, ten in number, were made in the same way as those of the bladder. The 
arrangement of the muscular fibres in the stomach, bladder, uterus, and heart closely resemble each other. They 
all form characteristic figure-of-8 loops, the loops being arranged in more or less perfect layers. 

The dissections of the muscles (voluntary and involuntary), blood-vessels, nerves, &c., of the human body and 
of the bodies of animals were all made by my hot- water and plaster-of-Paris processes. These are now sufficiently 
numerous to fill a whole museum, and occupy a unique position in the annals of anatomy. Not only did I design 
this great series but, as already partly explained, I actually dissected and mounted in great specially-made glass 
jars, with glass lids, some of the largest and most important of them.^ 

* The following,' j'xtiacts Iwarin;^ on tliis subject are from tlie aniiiuil reports jmblished by the conservator of the museum, Mr. W. H. Flower ;-- 
" ]'hi/siit/o(firn/ series. — It only remains now to speak of tlie jMepamtions preserved in spirits, added during the year, mostly prej^red either 
by or under the immediate sujK'rintendence of Dr. Pettigrew, assistant in the mustMim. In number these considerably exceed those of the jiast 
year. Tliey include a series illustrating the structure ani action of the valves of the heart and of the blood-vessels. As the value of these most 
instructive and beautifully prepared specimens must be nnich enhanced by an account of the special j»oints thev are intended to illustrate, it has 
been thought desirable to apjR'ud to this re|M)rt a concise dt^scription of eac^h of these pr«'j>arati(»ns. Since their completion Dr. Pettigrew has 
been engaged in making a series of preparations demonstniting the arrangement of the muscular libres of the urinary bladder (Rejwrt of date 
Dec. 31. 1864). 

'^ PhiisiolotjirdJ roIU.ction. — The addition of sjMcimens in sj»irit to this (hpartment, having chieMy in view the increase of prejiamtions illus- 
trating normal human anatomy, has mainly occupied Dr. Pettigrew's attention during the year (18G5-G6). Among those now shown to the 
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As illustrative examples of human muBcular diBBections made by me, during my term of office, by the hot- 
water method I would direct the attention of the reader to the following, contained in Room I. of the Hunterian 
Museum of the Royal College of Surgeons of England, and duly described in the museum " Catalogue of Disaectiona 





Fig. 13.— Pbutograplt of a dissection uF the auperfiuial niuiclea of the left aeapula and upper arm. Shows ebouliier uid other 
muscles, especially the deltoid. The scapular niUBctes and those on the iiuide of the nrm cannot lie teen in the present photograph. 
The phot<igraph is taken fraiii dissectioii No, 29, depusited in Rooui 1. of tlie Hunterian Mnneiim and cttw:ribed in the oflicial 
" Catalogue of DissectionA and Models Illustrating Normiil Human Analumy." 

Fio. 14.— Phohwrapli of a ilisscttiou of the superficial muscles of the left half of tlie ^Ivta, hip, and Ihigli. Shows hip and thigh 
muscles, especially those in the interior of the pelvis and on the nnterioi- porlion of the thigh. The gluteal or hip niusi'lea proper, and 
tho«e occurring on the posterior of the thigh, are not setii in the present photograph. They are, however, all carefully disaecled. 'I'he 
photi^raph is taken from dissection No. 104, deposited in Itooni I. of the Huntermn MuM-uni, and described in the offlcial "C'atahigue 
of Dissections and Mixlels illustrating Normal Htiiuan Anatomy." 

culnniittoe Is an extensive series of very highly finished prepamtions, eihibitinf; in 
of the human Madder. The n-sulla obtaineii in the disneution of these speciniei 
the Royal 8oi:ietf on the 21st nf lust .lune. Bdsides these, a vuninietipenient haa iieen made of a series of pn!|aratioiiB aliouiug lu a pernmnent 
manner the ruluntary niusi^li^ uf the human body, to be followed, if the conunittee thitik it advisable, hy others, whii^h will uflbrd a onniplete 
eipoaitiun in detail of tveiy portiou of the body. The amomit of time and labcmr expendpd in the pntdui-lion of such preparations is very great ; 
and u there are sometimes ili (lieu I ties in obtaining suitable matenals when re^uirecl, the completion nf such a series as is coutriii plated will 
iicoapy several yeani ; bat, if larrird on as now commsnocd. this College will be able to show a niusenm of human anatomy unrivalled by that 
of any other collection in I Iip unrld " (Report of date July 3, 1866). 

'' Phf/nolujieal oBlltciiint. — Dr. PettiKrew has also, as in previous years, niade some inBtrnctive prejiarationa illustrating liuman anatomy. 
These are quite irresjiective of I be targe and beautiful seHce prepared expressly fur the Court of Examiners" (Report of date Jut; 1, 1867). 

" PhytioUigkat trria. — Tti« old colteution remains in the same condition oa tiefore. ... In tlie nieauwhite, additions are eontinnally Iwiiw 
made as opportuuitiea iKxut. Many of those shown on the present occasion are the work of the InU* assistant in the museum, Dr. J. B. Pstii- 
grew. This gentleman in January last resigned the office he tiad held for fire years on account of an impairment of vision (it may behoptd, only 
tem|H>rary] occasioned by over.exerting his eyes in following out a series of minute researches. ... I am glad to take this opportunity m 
acknowledging the numerous unproveaiente in the metliods of preparing and mounting anatomical specimens which Dr. Pettigrew introduced 
into the institution, and esueciollj in originating a higher standard of excellence in linisbing preparations in spirits than liad been thought 
ueeeeaarf before, and which I hope will never be departed from '' (Report of date June 2S, 1868). 
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and ModeU illustrating Normal Human Anatomy " : — No. 2!) : superficial muscles of the left scapula and upper 
arm, (This is a large and illustrative dissection.) No. ;J4 : superficial muscles of the left forearm and baud, 
(This is one of tlie most finished muscular dissections in the museum.) No. 35 : deep muscle-s of the left forearm 
and hand. No. 40 : superficial muscles of the right hand. No. 43 : right-hand dorsal and plantar interossei. 
No. 104 : superficial niuscles of the left half of pelvis, hip, and thigh. (This is the largest muscular preparatiou 
in the muBeuni, and one of the most striking.) No. 112 : superficial muscles of the left leg and footr — a tyiiical 





photograph U token fcim diancftion No. 34, deiHisii 

of Dissections aiid Models iUuHiiatiiig NotriuI Uiui 

Fio. 10. — Photognipli of tlir same rfiwecCion at 



inwrfipial iiiutwles of the left foreami u 
sd in Hooni I. uf the Huiiterinii Mufleuni 
an Anatomy." 
svcti posteriorly (dorBol aspect). 



nttdorly (pulmar napecl|. TIik 
ciil«d id the oHicial '■ (.■«lnIogiir 



specimen. No. 113: deep musclefl of the right leg and foot. No.118: superficial muscles of the left foot. No.llil; 
ditto second layer of muscles of the right foot. No. 121 : ditto third layer of muscles of the left foot. Noa. ll*l, 
182, 274, 275, 270, 28f>. 287, and others of the catalogue were also dissect^l and prepared by me by the hot-vatri 
method. 

[I subjoin original photographs (Figs. 13 to 20) of eight apecimens of my hot-wat«r dissections taken in theii 
large, specially made jars : the jars being filled with beautiful clear spirit. The jars liave glass lids which floml 
the specimens with light. The lids are hermetically sealed with a view to the permanent preservation of the 
dissections. These preparations have not changed in the least for forty years. There will be no difficulty in 
identifying them with the originals dei>08ited, as already explained, in Room I. of the Hunterian Museum of ihe 
Boyal College of Surgeons of England (London).] 

In addition to the dissections already referred to, ami also forming |iart of the great museum series, thooBh 
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separately catalogued and placed for convenience in Rooms IV. and V. of the Hunterian Museum, are my elaborate 
hot-water diBsections, pi aster -of- Paris injectiona, casts, &c., over 100 in number, as follows: (I) my dissectioiifl, 
plaater-of-Parb injections, casts, &c., of the heart, blood-vessels, and valves of the vascular system in vertebrata ; 
(2) my dissections of the muscles, blood-vessels, and nerves of the bladder, prostate, &c. ; (3) my dissections of 
the musclea and nerves of the uterus in the human female, the cow, mare, sheep, bitch, guinea-pig, Ac. ; (4) my 
dissections of the ccsophagus, stomach, &c., in man and in the lower animals ; and (5) my sections made with 





Fio, 17. — Photograph of llie eanie 'hssection tut seen in h semi-pmnat^d poaitioii, 

Fl'). 18.~-PliaU>(;rapli nf a ilissi'Ction oF the Bui^rlicial miiscleB of th« left U-g and fix't. Rhuws the miiacles on the anterior and 
left luteml aspect of the limb. The photograph is taken frgm dissection No, 112, de|>i)Bil4^ in Room 1. of the Hunterian Miiseaiu 
and deacrilwd in the official " Catalogue of DiBaectiona and Models illustrating Normal Uuiiian Anatomy.'' 

a £ne saw of the human foot and head, showing the scalp, skull, brain, and other parts in silu. These saw-cut 
sections, so far as I know, were the first of their kind. Some years lat«r Braune of Leipeic sawed frozen human 

bodies in all directions and with remarkably good result*. The practice has now become quite common. Latterly, 
plaster-ol- Paris casts have been taken of the sections, and the several parte displayed coloured to imitate nature. 
These coloured plaster -of -Paris casts of the sections leave nothing to be desired for teaching and examination 
purposes, as the subjoined original photograph taken from one of thera will amply testify (Fig. 21, p. 1381). 

During the years IHfifi and 1867 an imusually large number of pathological specimens were prepared and 
mounted for the museum. I found time, however, to add a considerable number of finished dissections to the 
great anatomical and physiological series. Amongst them I may mention (1) the deep muscles of the human 
forearm and hand ; and (2) the deep muscles of the human leg. These two dissections prepared by the hot-water 
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method are to bo se«i in Room I. of the Hunteriaii Museum, and are numbered 35 and 113 in the "Catalogue 
of Disaections and Models illustrating Normal Human Anatomy." 

Having from 1863, and previously to that date, taken a keen intereat in. and made numerous dissections and 
experiments on, the subject of flight, I in 1866-07 injected the air-aacs and hollow bones of the swan and gorjse 
with liquid coloured plaater- of- Paris in order to ascertain what part, if any, the heated air contained in these 
cavities played in the production of flight. After carefully investigating the subject I came to the conclusion that 
the hollow bonea and air-sacs had nothing whatever to do with flight, and for the following reasons : (1) bats ami 
some of the faatest flying birds have neither hollow bonea nor air -sacs ; (2) birds which do not fly, such as the 
emu, have aii-sacs ; (3) air-sacs are found in animals never intended to fly (of these I may mention the air-ears 





— PhotORRiph of 
B laki^u from di^eectii>ii No. llfl, deposited in Room I. of the Huntei 



and Models illustrating Noruml Ui 

Fio. 20. — Pliotiwraph of a dissection of tin 
pbotogra^h is taken from tlissection Nn. 119, dei 
of Directions and Models illustrating Normal U 



of the superficial muscles of the sole of the left toot as seen froui beneath. The pli(iiflgta]ili 
I in Room 1. of tlie Hunterian Museum anil described in the official "Uibilogue of UJsieclioni 
Anatomy," 



Hid layer of muscles of the sole iif tlie right foot as seen from beneath. The 
d in Room I. of the Hunterian Museum nnd described in the official "Cabiltigue 
1 Anatomy." 



connected with the larynx of the orang-outang and the gular pouch of the bustard) ; and (4) the heated air 
imprisoned in the air-sacs of flying birds is so insigniflcaiit in quantity that it can exert no appreciable influence 
in elevating the binl. 

In March 1867, I delivered a lecture "On the Various Modes of Flight in Relation to Aeronautics" at the 
Royal Institution of Great Britain, in which I pointed out that, contrary to all expectation, the wing of the insect, 
bat, and bird is a acrew structurally and functionally, and that it strikes downwards and forwards during the down 
stroke, and not vertically downwards, or downwards and backwards, as was universally believed. I also demon- 
strated, in a memoir communicated by Profeaaor Huxley to the Linnean Society in June 1867, that the wing forms 
a figure-of-8 track in space when the flying creature is artificially fixed, and that the figure-of-8 is opened out or 
unravelled, and describes a waved track, when the flj^ng animal is advancing freely in s(tace.' Professor E. J. Marey. 

> "On the Various Modes of FUkIiI id tU'latinn to Aeronautics" [Pmceadiiigl 0/ the Royal ItuCUutian 1^ Grtat Britain, Manib ^i, liKi\. 
"On the Mecha(iic«l Ajijiliaiioeij lij wliicli Flight is attained ia thu Auiiiial Kingdom " {TntHiaeliont 0/ the Linnean Sueittg, vol, xxn., nad 
Jnne 6 and 20, 1867). 
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of the College of France, Paris, corroborated my views as to the figure-o£-8 and waved movements made by the 
wing some two years after I amiounced the discovery.' 

I^ter, Professor Marey says : " I have ascertained that in reality Mr. Pettigrew has been before me and 
represented in his memoirs the figure-of-y track made by the wing of the insect, and that the optic method to which 
I had recourse is almost identical with his. But we differ entirely as to the interposition of the trajectory seen 
by us both. I hasten to satisfy this legitiniat* demand, and leave entirely to Mr. Pettigrew the priority over me 
relatively to the question as restricted." * Professor Marey in his admission of priority endeavours to make a 
distinction without a difference, for in another place, when speaking of the optic method by which ttie figure-of-8 
was revealed to me, and subsequently to him, he writes : " We have seen, when treating of the mechanism of 
insect flight, that the fundamental experiment was that which re- 
vealed to ns the figure-of-8 course of the point of the wing throughout 
each of its revolutions. Our knowledge of the mechanism of flight 
naturally flowed, if we may so say, from this first notion." As a 
matter of fact, the so-called restriction of Professor Marey consisted 
in an erroneous and inaccurate representation of my descriptions and 
drawings of the figure-of-8 and waved movementa made by the wing 
published in the twenty-sixth volume of the Transactions of the 
Lirmean Society, to which allusion has been made. Professor Marey 
also blundered as to the figure-of-fi spiral movements made in loco- 
motion generally, and as to the screw configuration and function of 
the travelling organs of animals as a whole. It is easy to apply 
recording apparatus (the graphic method) to illustrate and to verify 
a principle once discovered and explained, and this is all that 
Professor Marey has done so far as the figure-of-8 and waved move- 
ments made by the wing are concerned. Mere mechanical cor- 
roboration, however, does not invalidate the original discovery, 
neither does it establish a claim to any part of the original discovery, 
as Professor Marey seems to think. 

In the latter part of ISttti and the early part of 18fi7 there was, 
as indicated, a great pressure of work at the museum and also in 
making dissections and preparations in connection with the examina- 
tions of the Royal College of Surgeons of England, and in order to ''"'■ ■^1— I'l h""'!''' "f ■' I'l^wir-i-l'uria tiui ur 

overtake it three medical students were temporarily employed. 1 ,ith the viscem in kUh ae during life, Showa liuw 
showed them how to inject with liquid plaster -of -Paris and to mount adiuirahlj the vwoera lill the cavitiw of the thomi ami 
-,. ,. . 1 11, r t1 ■ -..11.. t a ^ abdoiDen. In thv contro of llio tliorax tlje lii«rt aud 

dissections m coloured plaster-of-rans run into the bottom of flat ffreat vE»n-t<i, ibc., ntv seen. On cither Hidv 0', >!') the 
fflasB jars and troughs containine spirit and covered with glass tops, "J^ '"',"*«"''?'«'■ 3«.I««ting the ohost from the 
L , T i-j ^ 1 ■ ^ ^L 1 .^ 1 L . .J- ^- *l"l"t"e" t'" "i"i juilitLdu knovLii u the dui|.hraBm 

but i did not explain to them how to make hot-water dissections (0 is mi't with ; while iwneath the dUiihrngni the liver 
as practised by mj-self, and subsequently by my assistant, Wilham ('«). th« Kt™u«l ulsi.d ii> the Wy U found. The 
Pearson. Mr. Moseley was the best of the temporary helps. He tlie livur. 
did some very good work, but his dissections presented a bleached, 

soft, sickly appearance from his having soaked them in acids. Two of his best specimens are to be seen in 
Koom I. of the Hunterian Museum. They bear numbers 165 and KW (nerves, ic., of face) in the museum 
"Catalogue of Dissections and Models illustrating Normal Human Anatomy." The following notice of the dissec- 
tions prepared for the examinations of the (College appeared in The Latuxt : ^ — 




" Anatomical Preparations at the CoLLEfiE of Surgeons. 

" Under the above heading in The Lancet of the KSth of October we gave an account of the preparations which 
have been specially dissected for examinational purposes at the College, and regret to find that we did scant justice 
to the original projector of the method of preserving these dissections — Dr. J. B. Pettigrew, the able assistant in 
the College museum. As our notice excited considerable attention among those members of the profession engaged 
in teaching anatomy, we may state that the preparations were begun by Dr. Pettigrew in 1«{>3, and have been 
more or less in progress ever since ; and that the assistance of the present prosector (Mr. Moseley) has only been 






' flu JjmcH, Dec. B, 



I, p. 040. 
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called in during the last few months, owing to Dr. Pettigrew's other engagements. Those who have examined 
that gentleman's splendid dissections of the muscles preserved in the museum, and exhibited at the annual election 
last sunmier, will fully understand what an able and painstaking dissector is Dr. Pettigrew. The method of employ- 
ing plaster-of-Paris to fill hollow viscera is well seen in the elaborate series of dissections of the human bladder 
made by Dr. Pettigrew, and now added to the Hunterian Museum ; and his system of throwing dissections into 
relief by mounting them in coloured plaster, pursued in the preparations for examination, is well worthy of imita- 
tion. The best colouring-matter is found to be ultramarine, the beautiful blue of which forms a capital contrast 
to the partially whitened tissues. This is added to the water to be mixed with the plaster-of-Paris, which is made 
sufficiently thin to flow easily around the dissection placed in a shallow pan. The plaster sets almost inunediately, 
and may be kept in spirit for any length of time without beconnng discoloured. The edge of the pan having 
been previously ground, a plate of glass fits closely upon it, and prevents any but insignificant evaporation." 

The following appeared in the Medical Times and Gazette : ^ — 



(( 



The Anatomical Preparations at the College op Surgeons (London). 



** We had recently an opportunity of examining the dissections submitted to the candidates for the primary 
examination, and anything more beautiful and better calculated to test the accuracy of anatomical knowledge and 
teaching we have never seen. The recent specimens were very well and plainly got out ; but what were formerly 
termed ' pickles ' were masterpieces of workmanship — none of the miserable ancient preparations which we remember 
to have seen at one time, and which would take a conjuror to say what they were, far less a nervous examinee. 
The specimens are in many cases injected with very brilliant colours, and the nerves, tendons, fascise, &c., most 
carefully cleaned and whitened. 

"Students seem to have a terrible bugbear in what is termed an 'out-of-the-way section,' or a 'window,' or 
a 'side view,' but these should be always, as far as possible, shown them by their teachers, or they should be 
taught more 'topographically,' so as to know and recognise any tissue or structure from whatever point of view 
shown them. It is not to be supposed that every section can be shown in the dissecting-room, but this might 
be done from time to time on a ' class subject.' The preparations to which we allude are set in moulds of plaster- 
of-Paris ; these are sunk in flat pans and a sheet of glass over all. Indeed, the array of preparations we saw 
would, in our estimation, give a student courage rather than dismay him, from the plain and evident imanner in 
which the different structures are displayed. The credit of these dissections is due to Dr. Pettigrew and Mr. Moseley." 

It will be seen from the foregoing that as a matter of fact Mr. Moseley had no part either in the discovery 
of the liquid plaster-of-Paris method of injecting or in the mounting of the dissections in coloured liquid plaster- 
of-Paris run into the bottom of flat glass jars, containing spirit and covered with glass lids. 

Towards the end of 1867, my eyesight becoming impaired and my health generally failing, I resolved to resign 
my appointment at the Hunterian Museum. The President and Council of the Royal College of Surgeons of England 
point-blank refused to let me go, and would not accept my resignation. They said, " We will give you a three 
or six months' holiday and keep your place open." I, however, felt that the continuous strain inseparable from 
my peculiar mode of dissection and the confinement of London were too much for me, and resigned unconditionally. 
The following sentence in The Lancet * chronicled the event : — 

''The magnificent series of dissections with which Dr. Pettigrew has enriched the College of Surgeons has been 
more than once noticed in these columns, and our readers, whether professed anatomists or not, must regret the 
suspension of the priceless labours of the ' best dissector of the day,' as a well-known London teacher of anatomy 
termed him." 

Before severing my five years' connection with the Hunterian Museum of the Royal College of Surgeons of 
England I wrote out a detailed account of all my hot-water and other methods of dissecting and preparation- 
making, my mode of injecting with liquid plaster-of-Paris and other cold materials, and my plan of mounting dis- 
sections in flat glass jars, troughs, capBules, &c., into which coloured liquid plaster-of-Paris had been nm and which 
contained spirit and were covered with glass lids, my object being to place it in the hands of Mr. W. H. Flower, 
the curator, who was totally ignorant of my hot-water and other contrivances for making finished dissections. I 
intended the detailed account in question as an heirloom to my successors for their instruction and guidance in 
the difficult art of preparation-making in connection with the higher anatomy. My assistant, William Pearson, 
interposed with the words, " Oh, sir, if you please, don't do that ; your so doing will not benefit you and will 
utterly ruin my prospects of preferment at the nmseuin.'' This had not occurred to me, and, as Pearson had been 

1 Mc^ikal Times and Ooy.ftc, Jan. 26, 18(;7. * The Txiivcet, Jan. 18, 1868, j). 97. 
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a good servant, I tore up the document without in the least desiring to conceal my methods then or subsequently. 
This happened some thirty-three years ago, and during the greater part of that long period William Pearson has 
been engaged in extending according to my methods the great series of human and comparative anatomy dissec- 
tions, injections, casts, kc,, which I designed, and a considerable number of which I executed. This superb collection 
of hot-water dissections, liquid plaster-of-Faris injections, casts, &c., are, for the most part, now fittingly housed 
by the Royal College of Surgeons of England in a large new museum, adjoining and opening into the original 
Hunterian Museum. The work done by William Pearson after I retired from the museum, and the position now 
occupied by him, in great measure justify my action in his favour ; still I have always had it on my mind to explain 
the situation for the sake of a future race of anatomists. William Pearson has now had ample innings, and the 
time has arrived when everything should be fully and fairly explained. I did not originally, neither do I now, 
attach much importance to my hot-water and other methods of dissecting, injecting, kc., although I am bound to 
admit that their discovery involved much close and consecutive thinking and planning, and a large number of 
experiments extending over several years. 

The present communication on anatomical dissection, injection, and preparation-making as devised and practised 
by me at the University of Edinburgh and at the Hunterian Museum of the Royal College of Surgeons of England 
would assuredly never have been written but for the importunity of friends, among whom may be mentioned 
Mr. Thomas Bryant, late President of the College. These friends represented to me that the methods by which 
such splendid results had been achieved would be lost if I did not come to the rescue. They further urged that 
it was due to myself to explain the situation, especially as questions had been raised as to the real author of the 
great series of human and comparative anatomy dissections, casts, and injections referred to. I felt that there 
was force in the arguments employed, and as I had no wish to conceal anything by which the fascinating studies 
of anatomy and physiology could be advanced, I have given, as far as my recollection serves, an exact account 
of the circumstances under which the various forms of dissecting and injecting, making of casts, kc,, practised by 
me were devised and carried out. The foregoing, I doubt not, will be duly endorsed by William Pearson, who 
still plies his avocation as dissector, injector, and preparation-maker at the Hunterian Museum of the Royal College 
of Surgeons of England. 

Some time ago I had my attention drawn to a notice in the British Medical Journal^ to which it may be 
well if, in conclusion, I direct attention. The notice is inaccurate and wholly misleading, as every one who reads 
this communication will readily perceive. In the notice referred to, and which I quote below, Sir William H. Flower 
is bracketed with me as having developed the talent of William Pearson as a dissector, which is, of course, absurd. 
He is further erroneously credited with having directed Pearson in the preparation of the great series of human 
and comparative anatomy dissections (muscles, ligaments, blood-vessels, and nerves), which series, as already 
explained, I not only designed, but a large number of which I actually dissected with my own hands, and every one 
of which has been dissected by my hot-water and other methods, these methods never having been known to Sir 
William Flower. I am also represented as a student inferentially learning my anatomy at the museum and the 
College, while in reality I was a duly qualified Doctor of Medicine of the University of Edinburgh before I went 
to London, and before I made the acquaintance of either the museum or the College. The misleading notice to 
which I refer, and to which I naturally take exception, is as follows : — 

''Amongst the duly appointed students who were termed * assistants in the museum,' was Professor Bell 
Pettigrew, the first dissector of modem high-class permanent anatomical preparations. His work, demonstrating 
the muscular apparatus of the heart, stomach, and bladder, stands in the museum as a monument. Flower and 
Pettigrew developed the talents of the prosector to the College, Mr. Pearson, a true artist in dissection. Under 
the conservator's directions he prepared the fine series of spirit preparations illustrating human and comparative 
anatomy which is so much admired by all visitors to the museum. The late Lord Tennyson, hardly an enthusiast 
about modem science, remarked, when paying a visit to the museum twenty years ago, that he had never imagined 
how so grim a subject as anatomy could be made so beautiful." 

Since writing the foregoing, I have come across a letter from William Pearson addressed to me so far back 
as February 28, 1882. The letter speaks for itself, and I publish it exactly as in the original. In it he volun- 
teers the following statements : (a) that he is not the originator of the series of dissections of muscles, ligaments, 
blood-vessels, and nerves made by him for the Museum of the Royal College of Surgeons of England ; (6) that 
the dissections are made according to a new and unknown process ; and (c) that he has resolved not to communicate 
the secret of the new process to his assistant lest, by so doing, he might impair his own prospects with the 
College of Surgeons authorities, from whom he hopes to get an increase of wage. 

* Brit. Mctf. Jour. ((Queen's Coinmeiiioration Numl>er), June 19, 1897, p. 1592. 
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RoTAL College of Surgeons of England, 

Lincoln's Inn Fields, London, W.C. 

28^ day of February 1882. 

My dear Sir, — Many thanks for the Biography of your life which I had not seen before and I have read it 
through several times, and I think it very good, how it brings many happy days to one's memory things that 
are mentioned in it are being followed out as though you were in the upper work room now, viz. Cleanliness and 
fresh Air ? I have had new sashes and frames put in lately which admits of more light and gives better ventila- 
tion it surprises the people here that I do not catch cold as I keep the window open the same all the year round, 
and the rooms are as free from smell as dajrs gone by. I thank you also for your kind mention of me in regard 
to the making of the specimens which I have increased to 19 specimens of ligaments 39 of muscular. 18 of 
vascular and 16 of nerves, exclusive of 5 ready to go into the Museum they form a fine series, and they are 
greatly used by Art students as well as Medical and they only want an inspection from the originator to complete 
the thing and I feel certain he will be pleased with his visit. You kindly mention my wife and father, the former 
with my little boy are quite well. My Father (I can hardly say sorry) died two weeks back, he was a great 
sufferer, he had gout all over him we could not wish him to" live, so you can give an Idea the trouble I have had, 
loosing both parents so closely together. 

I have got a very good assistant a youth from Cambridge he does not know much, he is to be taught the 
Art. Is he? I know the College too well for that. It will not do to have two Richmonds in the field. I com- 
pleted my 25 year in their service last September and applied for an increase in my pay. I reminded Prof. 
Flower that the Work done could speak for itself and my character he well new, as I have not been once called 
to account and have not been once late, he said was it in lus gift I should have an increase at once, he appUed 
to the committee and they awarded me an increase of lOs. per week making my pay £2 weekly. 

I am now busy dissecting a large ant Eater for Prof. Flower's lectures and as usual have got plenty to do. 

the people at the College are very well and often mention you and hope you are well. 

Please to excuse the hurried finish of this as I am wanted and hope you will continue well and proeprous is 
the wishes of your's most Faithfully, 

W. PEARSON. 



APPENDIX II 

AERIAL LOCOMOTION— PETTIGREW versus MAREY ^ 

By professor COUGHTRIE 

The great interest taken in ai*rial locomotion, and the increasing belief in the feasibility of a flying machine, 
invest works on natural and artificial flight with a certain significance and importance which cannot be over- 
estimated in the present day, characterised as it is by unusual progress and invention. 

The works to which we wish more especially to direct attention, and which have attracted an unusual share 
of notice, are those of Dr. J. Bell Pettigrew, of Edinburgh, and Professor E. J. Marey, of Paris. 

The names of Dr. Pettigrew and Professor Marey are well known in the scientific world, and require only to 
be mentioned. Both gentlemen are physiologists of a high order, both have experimented largely on the subject 
under consideration, and both, as a consequence, are entitled to be heard. 

The object of the present article is to show that these savanls, notwithstanding certain apparent differences 
(and notwithstanding much that has been written to the contrary), essentially agree. The fundamental features 
of flight, according to both, are the same. If there be differences, they refer, for the most part, to time and the 
mode of treatment adopted, Dr. Pettigrew having published his views some two years before Professor Marey. 

Dr. Pettigrew obtained his results by transfixing the abdomen of insects with a fine needle, and watching the 
wings vibrate against a dark background ; by causing dragon-flies, butterflies, blowflies, wasps, bees, beetles, &c., 
to fly in a large bell jar, one side of which was turned to the light, the other side being rendered opaque by dark 
pigment ; by throwing young pigeons and birds from the hand into the air for the first time ; by re|)eated 
observation of the flight of tame and wild birds ; by stiffening, by tying up, and by removing portions of the 
wings of insects and birds ; by an analysis of the movements of the travelling surfaces of quadrupeds, amphibia, 
and fishes ; by the application of artificial fins, flippers, tails, and wings to the water and air ; and by repeated 
dissections of all the parts, directly and indirectly, connected with flight. 

Professor Marey obtained his results by gilding the extremities and margins of the wings of the insect with 
minute portions of gold leaf ; by the application of the different parts (tip and anterior margin) of the wing of the 
insect to a smoked cylinder rotating at a given speed, the wing being made to record its own movements ; by 
the captive and free flight of birds, which carried on and between their wings an apparatus which, by the aid 
of electricity, registered the movements of the wings on a smoked surface, travelling, at a known speed, in a 
horizontal direction ; and by the employment of an artificial wing, constructed on the plan recommended by Borelli, 
Chabrier, Straus-Durckheim, Girard, and others. 

The treatises on flight and cognate subjects by Dr. Pettigrew and Professor Marey are so elaborate and so 
profusely illustrated,^ that a digest of them cannot fail to be interesting to the general reader, the more especially 
as in that digest we hope to state in a few words, and in something like chronological order, not only the great 
leading features of flight, but also the points wherein Dr. Pettigrew agrees with and differs from Professor Marey 
— these not being generally known. 

The parts of Dr. Pettigrew's and of Professor Marey's works which interest us most are those which deal with 
aerial locomotion and the flight of the insect and bird. 

Professor Marey, in his recent book,^ describes the figure-of-8 movements made by the wing in space, and for 
these he claims, and in some journals has obtained, considerable cudos, although it is difficult to understand on 
what grounds. 

There can be no question of the fact, that the figure-of-8 movements made by the wing in flight were first 

' Repriiit<*<l from tlio Qitartn'hi Jmn-mil of Science , k\m\ ISTfi. 

* Dr. Pettigrew'a nieiii(»ii*8 al<»iu* coiituiii over 200 original figiin*s -those of Pnifeasor Marey coiisiderahly over 100. 

' ** Animal Mechanism: a Treatise on Terrestiial an<l Aerial Locomotion." By E. J. Marey, Professor at the College of France, and 
Meml)er of the Academy of Medicine. Henry S. King k Co., 1874. 

VOL. in. 1385 2 R 
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observed, described, and delineated by Dr. Pettigrew, and to this physiologist undoubtedly belongs the high merit 
of first discovering the true principles of flight. 

Dr. Pettigrew published his discovery in the early part of 1867/ and Professor Marey did not write upon the 
subject of flight till the end of 1868.- There is, therefore, an interval of nearly two years in favour of Dr. Pettigrew. 

We think it right to draw attention to this circumstance, because Professor Marey does scant justice to Dr. 
Pettigrew, and because we detect in all Professor Marey's writings on flight traces of Dr. Pettigrew's original 
discovery. 

This remark applies ecfually to Professor Marey's theory and practice of flight. 

We hope to be able to prove the validity of our position, as we advance, by a series of parallel passages. The 
histor)' of science demands that this course should be taken. We begin with the figure-of-8 itself. 

Professor Marey, in a letter addressed to the French Academy of Sciences, admitted Dr. Pettigrew's claim to 
priority in the matter of the figure-of-8 movements made by the wing in space in the following terms : — 

'* I have ascertained that, in reality, Mr. Pettigrew has seen before me, and represented in his memoir,^ the 
figure-of-8 track made by the wing of the insect, and that the optic method to which I had recourse is almost 
identical with his. . . . 

" I hasten to satisfy this legitimate demand, and T leave entirely to Mr. Pettigrew the priority over me 
relatively to the question, as restricted " (Comptes Rendus, May 16, 1870, p. 1093). 

Since writing the above, Professor Marey has evidently been changing his views ; for in his new work (" Animal 
Mechanism," p. 187) he states that, " notwithstanding this apparent agreement, our theory, and that of Dr. Pettigrew, 
differ materially from each other." 

We have searched diligently for the points of disagreement, and find them trifling in character and few in number. 
The points of agreement, on the other hand, are numerous and important. 

Dr. Pettigrew, in his letter of " reclamation " to the French Academy,* to which the foregoing, by Professor 
Marey, is the reply, claims to have been the first to describe and illustrate the following : — 

'* 1 . That quadrupeds walk, and fishes swim, and insects, bats, and birds fly, by figure-of-H movements. 

'* 2. That the flipper of the sea bear, the swimming wing of the penguin, and the wing of the insect, bat, 
and bird, are screws structurally, and resemble the blade of an ordinary screw propeller. 

*' 3. That these organs are screws furuiUmally, from their twisting and untwisting, and from their rotating in 
the direction of their length, when they are made to oscillate. 

*' 4. That they have a reciprocating action, and reverse their planes more or less completely at every stroke. 

'' 5. That the wing describes a figure-of-H track in space, when the flying animal is artificially fixetl. 

'' 6. That the wing, when the flying animal is progressing at a high speed in a horizontal direction, describes 
a looped and then a mived track, from the fact that the figure-of-8 is gradually oi)ened out or unravelled as the 
animal advances. 

*' 7. That the mng acts after the manner of a boy's kite, both during the doum and the up strokes." ^ 

Such are briefly Dr. Pettigrew's views ; and if we compare what Professor Marey has written on flight with 
what Dr. Pettigrew here enunciates, we shall find the coincidences (to use no stronger terms) very striking. 

Take the following passages from Professor Marey's recent work as example-s : — 

*' If we gild a large portion of the upper surface of a wasp's wing, taking precautions that the gold leaf should 
be limited to this surface only, we see that the animal placed in the sun's rays give^ the figure-of-H with a ver}' 
unequal intensity in the two halves of the image. ... It is evident that the cause of the phenomenon is to be 
found in a change in the plane of the wiyig, and consequently in the incidence of the solar rays. . . . We shall find 
in the employment of the graphic method new proofs of changes in the plane of the wing during flight. ... [In 
this and other (luotations the italics are ours.] It is therefore not necessary to look for special muscular actions 
to pnxluce changes in the plane of the wing ; these in their turn will give us the key to the oblique cunnlinear 
nifm'mcjits which pnxluce the figure-of-H course followed by the insect's wing " ('* Animal Mechanism," pp. 188, 197). 

In the passaf^t'8 here cited. Professor Marey admits, not only that the wing of the insect makes a fignre-oj-^ 
track ni sjiar/\ hut also that the figiire-of-S is pnxluccd hy a change of plane in the imig. 

This is an important admission, for Pr()fessr)r Marey copies at page 201 of his book a figure-of-8 representation 

* "On til.' V.irious Miwlfs of Fli^Hit in Halation tn Atnniiintirs " {PnHUtdiiiijs »/ (In- Hotfu/ Iiistifufiuu ofdrnit /in'ftn'n, Man-li *i2. lSrt7i. 
"On till- M.<li;!nii-.il AppliaiKM-s l.v \\lii«h Fll«:lit is .ittaim-*! in tin* Aiiinml Kiii«'«l(nn " (Trans. I, inn. SiH\. vol. xxvi. ; rfa<l .luii'- r"» 
aini 2«), lsf.7). 

2 Cnnifttis H^inhis. toin«- Iwii.. Xo. 'Jt;, j(. 1:M1. !)»•(•. -JS. iM'iS. 

^ --Oil til.- Mr.li;ini(Ml A|.|.li.in.vs hv uliirli Fli^'lit i^ Jittainiil in tin- Animal Kiii«<«loni.*' liy .1. Hfll IVttij^n'W, M.I)., F.H S. (T.-t.'^. 
LiitH. S,H-. v(.I. xxvi. ; n;i«l to Linn. S«m'". (ui ,]\iiu' (» an«l '20, ls»)7.) 
■* f\nitftt>slit,i,his, Ajiiil 1n70. 
^ -On thr IMivsinloirv ot Wiiiirs." Wy J. B<11 l\t t ii.MVNx . M I).. F.K.S. (Trnns. /in,,. .SV. of Eduihtinih, vol. xxvi., \i, 332.) 
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from Dr. Pettigrew's 1867 memoir,^ in which this change of plane is delineated, and states that the arrows in Dr. 
Pettigrew's figure all point in one direction, and are wrongly placed. This is a glaring inaccuracy on the part of 
Professor Marey. 

He has in the first place reversed the direction of the arrows in Dr. Pettigrew's figure, and in the second place 
he makes the half of the figure represent the whole. In Dr. Pettigrew's original figure the arrows are pointing 
from left to right ; whereas in Professor Marey's copy of it, they are pointing from right to left. 

In the description given of Dr. Pettigrew's figure, it is distinctly stated that in eaiension the arrows of the 
figure-of-8 are directed from left to right, but that in flexion they are directed from right to left." 

In one complete revolution of the wing, therefore, according to Dr. Pettigrew, the arrows are directed alter- 
nately from left to right, and from right to left, and this is precisely what happens in every figure-of-8 delineated 
by Professor Marey. 

Dr. Pettigrew, when speaking of the change of plane occurring during the down and up strokes of the wing 
of the insect, states that : — 

" A figure-of-8 compressed laterally, and placed obliquely with its long axis running from left to right of the 
spectator, represents the movement in question. 

" The dmun and uj) strokeSy as will be seen from this account, cross each otiier, the wing smiting the air during 
its descent from above, as in the bird and bat, and during its ascent from below, as in the flying fish and boy's 
kite." ^ 

A little further on, and on the same page of his 1867 memoir, in which the figure-of-8 and waved tracks made 
by the wing in stationary and progressive flight are delineated. Dr. Pettigrew says : — 

" The figure-of-8 action of the wing explains how an insect or bird may fix itself in the air, the backward- 
and-forward reciprocating action of the pinion affording support, but no propulsion. In these instances the back- 
ward and forward strokes are made to counterbalance each other. . . . Although the figure-of-8 represents with 
considerable fidelity the twisting of the wing u{)on its axis during extension and flexion, when the insect is playing 
its wings before an object, or still better when it is artificially fixed ; it is otherwise when the down stroke is 
added, and the insect is fairly on the wing, and progressing rapidly. 

" In this case the wing, in virtue of its being carried forward by the body in motion, describes an undulating 
or spiral course." * 

The figure-of-8 and undulating wave movements originally described and figured by Dr. Pettigrew, in March 
and June 1867, have been reproduced by Professor Marey in a variety of forms since December 1868. They are 
reproduced in a collective form in Professor Marey's work already referred to, published in 1874. 

The importance of the figure-of-8 and wave movements cannot be over-estimated, and no one appears to be 
more keenly alive to their value than Professor Marey himself. When speaking of the figure-of-8 made by the 
wing in space, originally discovered by Dr. Pettigrew by the aid of the optical method, Professor Marey remarks : — 

" We have seen, when treating of the mechanism of insect flight, that the fundamental experiment was that 
which revealed to us the course of the point of the wing throughout each of its revolutions. Our knowledge of 
the mechanism of flight naturally flowed, if we may so say, from this first notion." ^ 

Professor Marey here admits that his knowledge of flight is derived from the figure-of-8 revealed by the optical 
method ; but he admitted, as already stated, to the French Academy of Sciences, in May 1870, that the optical 
method to which he had recourse was nearly identical with that which Dr. Pettigrew employed, and that in reality 
Dr. Pettigrew had seen before him, and delineated the figure-of-8 track made by the wing of the insect in flight. 

If, however, Dr. Pettigrew was the first to observe, describe, and delineate the figure-of-8 made by the wing 
in space ; and if, as Professor Marey states, his knowledge of the mechanism of flight " naturally flowed . . . from 
this first notion," then it is quite evident, even according to Professor Marey's own showing, that the discovery 
of the true principles of flight was made by Dr. Pettigrew, and not by him. This follows as an inevitable sequence. 

It is easy to extend a discovery once made, but the true discoverer is he who first describes and delineates 
the fundamental principle, and in the present instance that is unquestionably Dr. Pettigrew. 

Dr. Pettigrew not only described and delineated the figure-of-8 and waved track made by the wing in space ; 
he also described and figured the several changes of plane occurring in the wing during an entire revolution. 

To him, moreover, is to be traced the important discovery of the torsion and formird action of the wing both 
during the down and the up strokes. The torsion and forward action of the wing are indispensable in flight. 

* Marey'a tigiire in " Fig. 86, Trajt^ctory of the Wing," \i. 201. Pettigrew \v*8 figure is at p. 233. {Tram. Linn. Sm\, 1867, vol. xxvi.) 

* According to Dr. Pettigrew ejrUmwti in the insect signifies **t]ie carrying of the wing in a forward direction, away from tlie body ; jitjcion 
meaning the reverse, or the drawing of the wing from U'fore, })ackwai"da towards the body." {Trans, [Ann. Soc.^ vol. xxvi., p. 226.) 

3 *'0n the Mechanical Ai»i)liances 1)y which Flight is attained in the Animal Kiugflom." 

* Trans. Linn. Soc., vol. xxvi., p. 233. * '* Animal Mechanism,*' p. 234. 
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The body in flight is dragged forward, not pushed forward ; but unless the wings themselves fly forward in 
curves, both during the down and up strokes, as Dr. Pettigrew explains, the body cannot be transmitted from one 
point to another. Dr. Pettigrew's experiments with natural and artificial wings are quite decisive on this point, 
as w^e have ourselves verified. 

Dr. Pettigrew was likewise the first to describe and figure the ellipse formed by the wing of the bird, and to 
point out the difference in the direction of the stroke in the wing of the bird and insect, the stroke in the insect 
being, as a rule, nearly horizontal, that in the bird nearly vertical} 

Professor Marey, in his first paper on flight, communicated to the French Academy of Sciences," delineates the 
wings of the wasp as making vertical figure-of-8 loops. Now this never happens in the wasp. The figure-of-8 loops 
made by the wing of the wasp, as Dr. Pettigrew has shown, are so oblique as to be nearly liorizontal. 

Professor Marey, in his latest work, has corrected this mistake,^ and has delineated the horizontal figure-of-8 
loops made by the wing of the insect in a figure nearly, if not identical, with a similar figure by Dr. Pettigrew. 

Professor Marey's figure occurs at page 200 of his new work (1874), that of Dr. Pettigrew's at page 3»*58 of his 
memoir, '' On the Physiology of Wings " (Trans. Roy. Soc. Edin., vol. xxvi., 1870).* 

A careful comparison of the figures in question will show that Professor Marey's figure is, or may be, a transcript 
of Dr. Pettigrew's. And this remark applies not only to the figure as a whole, but to all its details ; first, to the 
horizontal direction of the figure-of-8 loops, made by the wing in space ; secondly, to the reversal of the planes 
of the wing as the wing flies to and fro, i.e. during a revolution ; and thirdly, to the varying angles made by 
the surfaces of the wing with the horizon, when the wing is made to vibrate. 

Surely this is more than a mere coincidence ! 

Then how strangely Professor Marey has blundered as to the direction of the stroke, when this is vertical. 
Thus he represents the wing (p. 195, Fig. 82) as descending in a downward and backward direction, and as ascending 
in an upward and backward direction. Now this is simply a physical impossibility, and clearly shows that Professor 
Marey lias failed to interpret the tracings obtained from the wing by his so-called graphic method. 

The arrows in Professor Marey's figure-of-8 (vide Fig. 82), depicting the movements of the wing in space, should, 
in reality, be reversed. To get a continuous series of figure-of-8 loops, or of forward curves, characteristic of pro- 
gressive flight, the wing must descend and ascend always in a forward direction, as described and figured by 
Dr. Pettigrew.^ The tracings obtained by Professor Marey himself show this conclusively. 

At page 201 of the work under consideration. Professor Marey describes his artificial wing as consisting of a 
rigid main rib in front and a flexible sail behind, from which itr follows that he is not even now aware that a 
natural wing, and a properly constructed artificial one, are flexible and elastic throughotU. 

Professor Marey is wrong, when he states that the anterior margin of the wing of the insect is rigid. The 
following are his words : — 

*' These experiments prove that the insect needs, for the due function of flight, a rigid main rib and a flexible 
membrane. If we cover the flexible part of the wing with a coating which hardens as it dries, flight is prevented. 
We hinder it also by destroying the rigidity of the anterior nervure " (p. 208). 

Dr. Pettigrew, in his memoir " On the Physiology of Wings," expresses the facts in very few words : — 

" The wing of a flying creature . . . is not rigid. ^ . . . That the anterior margin of the wing should not be com- 
posed of a rigid rod may be demonstrated in a variety of ways. If a rigid rod be made to vibrate by the hand, 
the vibration is not smooth and continuous ; on the contrary, it is irregular and jerky, and characterised by two 
pauses, the one occurring at the end of the up stroke, the other occurring at the end of the dowf^ stroke. The 
wing to be effective as an elevating and propelling organ should have no dead points, and should be characterised 
by a rapid winnowing or fanning motion. ... If a longitudinal section of bamboo cane has added to it tapering 

* Thf following Ih the ac<;onnt given by Dr. Pettigivw : " The; direction of the stroke varies slightly accoitling to circunistam^es, hut it will 
ho quite jiro[>er to assunie that the wing of the insc^^t is made to vihrate in a more or less horiz(nU(d diix'Ctioii, and tliat of the bird or Iwt in a 
mor»* or less vrrlirnl <lirectioii. By a slight alteration in tlie iwKsition of the iMsly, or hy a rot4ition t)f the wing in the din'etioii of its h-ngtli, the 
vertical direetion of the stroke is converted intn a hori/ontal din-ction, and rice versa. The hK-ility with which the direction <»f the stK'k* i* 
changed is greatest in insects ; it is not uncommon t<» see th<'m elevate themselves hy a figure-of-H horizontal screwing nu»tion, an<l then sud«l»nly 
changing the horizontal screwing into a more nrtiral one. to dart rajudly forward in a curved line." {Traiis. Roy. Stjt: Eilin.. V(»l. xxvi.. \%. .T»''.l 

* " I'hysiologie— J3elermination cx|»crimentale du niouvcment <les ailes dcs inse<.'tcs pendant le vol." Par M. E. J. Marey. (f.'nfHf»ffS Ji'n'i"\ 
tome Ixvii.j'No. 2t), DccendK-r 28, 1808, p. 1311.) 

^ Professor Marey remarks : " We nee<l only oliserv<' the flight of certain insetrts, the common Hy for instance, and most of the otlier l)ipt»T». 
to see that the plan*' in which the wings move is imt irrfira/j ]n\t, on the <'ontrary, rrrtf iiarrli/ /n',izoji/a/." ("Animal Meclianisni," 1874. p. IJ'M.) 

* Figs. 5 and (5 more especially. 

•'* According to this authority, ''a natural wing, or a }»roj»erly constructed artificial one, cannot he <lc]»resse<l either rertirailif tiinnnroriia, i'r 
iltnnnmnh ii\\([ hark'iianls. It uiU (the writer would s;iy ^A'f.v) of necessity {\i'svv\n\ ilinnnraril» ivwii f'onranlt in a curve. This arises fn»ni its 
being llexible and elastic throughout, and in espe(;ial from it,s being carefully graduated as regards thickness, the tip l»eing thinner ami iiK»Tt' 
elastic; than the root, and t]w jMtsft-rii/r iiutrtjin than the anterior maryin." 

* This is again insisted uiH»n in "Animal Locomotion," p. -210. whcie Di-. Pettigrew irmarks, when sjicaking of the construction of ab 
artificial wave \Ning on the insect type. *" It should hv fh.rih/r ami flastir throutjhool.^'' 
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rods of whalebone which radiate in an outward direction, and this (framework) ^ be covered by a thin sheet of 
india-rubber (gutta-percha tissue), an artificial wing, resembling the natural one in all its essential points, is at once 
produced. ... If this wing be made to vibrate by its root, a series of longitudinal and transverse waves are at 
once formed, the one series running in the direction of the length of the wing, the other in the direction of its 
breadth. The wing further twists and unttvists during the down and up strokes. . . . This form of wing, which may 
be regarded as the realisation of the figure-of-8 theory of flight, elevates and propels both during the down and 
up strokes, and its working is accompanied with almost no slip. It seems literally to float upon the air." ^ 

'* No wing that is rigid in the anterior nuirgin can twist and untwist during its action, and jyroduce tlie figure- 
of'S curves generated by the living wing. To produce the curves in question, the wing must be flexible, elastic, and 
capable of change of form in all its parts." ^ 

In one part of his new work, indeed (viz. at p. 198), Professor Marey seems to have largely profited by the 
observations and experiments of Dr. Pettigrew, as given above ; for he states that, if rapid to-and-fro movements 
in a vertical plane be given to a " flexible shaft " (mark, the shaft is no longer described as rigid), to which he 
affixes a membrane similar to that found in the wings of insects — to use his own words—** this flexible sluift will then 
represent the main rib of the wing ; and we shall see this contrivance execute all the movements which the wing 
of the insect describes in space." " If," he says, '' we illuminate the extremity of this artificial wing, we shall see 
that its point describes the figure 8 like a real uring ; we shall observe also that the plane of tlie wing changes 
twice during each revolution, in the same manner as in the insect itself " (" Animal Mechanism," p. 11)8).* 

Professor Marey, it will be observed, claims for his artificial wing similar properties to those originally claimed 
by Dr. Pettigrew for his artificial wing. Thus Dr. Pettigrew states (op. cit., pp. 421, 422), that if the anterior or 
thick margin of his artificial wave wing be directed upwards, and the wing made to vibrate, it will fly in a7^ wpward 
direction with an undulating motion ; that if the anterior or thick margin of the wing be directed downwards, the 
wing will describe a waved track and fly downwards ; and if the under surface of the wing makes no angle, or 
a very small angle with the horizon, it will dart forward in a series of curves in a liorizontfd direction. 

Similarly, Prof. Marey says (p. 207) that if the anterior margins of the main ribs of his artificial insect be 
inclined upwards, the insect rises vertically, and that if the anterior margins of the main ribs be turned downwards 
a descending vertical force is developed ; and that if the main ribs be turned upwards, and slightly forward, it 
develoj)s the force which sustains it in the air, and directs its course in space. 

We may point out many other parallel passages. Dr. Pettigrew states (op. cit., p. 335) : — 

*' The direction of the stroke varies slightly, according to circumstances ; but it will be quite proper to assume 
that the wing of the insect is made to vibrate in a more or less horizontal direction, and that of the bird and bat 
in a more or less vertical direction. By a slight alteration in the position of the body or by a rotation of the wing 
in the direction of its length, the vertical direction of the stroke is converted into a horizontal direction, and vice 
versd. 

"' The facility with which the direction of the stroke is changed is greatest in insects ; it is not uncommon 
to see them elevate themselves by a figure-of-8, horizontal screwing movement, and then, suddenly changing the 
horizontal screwing into a more vertical one, to dart rapidly forward in a curved line." 

Compare with the foregoing the following from Professor Marey's new work (p. 207) : — 

'' When an insect hovers over a flower, and we see it illuminated obliquely by the setting sun, we may satisfy 
ourselves that the plane of oscillation of its wings is nearly horizontal. This inclination must evidently be modified 
as soon as the insect wishes to dart ofi rapidly in any direction ; but then the eye can scarcely follow it and 
detect the change of plane, the existence of which we are com|>elled to admit by the theory and the experiments 
already detailed." 

When speaking of the wing of the bird. Dr. Pettigrew points out (Trat^. Linn. Soc., vol. xxvi., p. 242) that — 

" The anterior or thick margin of the wing and the posterior or thin margin present different degrees of 
curvature, so that under certain conditions the two margins cross each other, and form a true lielix. The anterior 
margin presents two well-marked curves, a corresponding number being found on the posterior margin. 

" These curves may, for the sake of clearness, be divided into axillary and distal curves ; the former occurring 
towards the root of the wing, the latter towards the extremity. 

'* The anterior axillary and distal curves completely reverse themselves during the acts of extension and 
flexion, and so of the posterior axillary and distal curves.'* 

* The wohIh in linMrkets an* imrH. * Tnnut. lioif. Sttr. KtUn., vol. xxvi., 1870, pp. 408, 419, 4'20. and 423. 
» '* PhysioloKy of Wings," by J. Bell IVttign-w, M.D., F.R.S., p. A'2'2. (Tniits. Rtnj. S(tr. Ktlin., vol. xxvi., 1870.) 

* The aliove remarks of Pnifessor Marey are worth Htmlying, for two reaHons: first, Weanw* they are sii eonfirniatory of all Dr. Pettigi'ew 
had written alwut the Jicj-ibiliti/ of the main nervure of an insect's wing ; secondly, they contrast so strangely with the ri^fid main rih, at j»p. 201 
and 208 of Marey's work Iwfore cited. 
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In like manner Prof. Marey, in his iirst chapter on the flight of birds (at p. 210), says that — 

'" If we take a dead bird and spread out its wings ... we see that, at different points in its length, the wing 
presents very remarkable changes of plane. At the inner part, towards the body, the wing incUnes considerably both 
downwards and backwards, while near its extremity it is horizofUal, and sometimes slightly tur^ied up, so that its under 
surface is directed somewhat backward." ^ 

It is worthy of remark that the curves of the wing described and delineated by Dr. Pettigrew are reproduced 
by Prof. Marey (compare Figs. ()8, 69, and 70 of Dr. Pettigrew's 1867 memoir, Linn. Soc. Trans., vol. xxvi., with 
the right wing, Fig. 89, p. 210, of Prof. Marey's new volume). 

When speaking of the duration of the down and up strokes. Dr. Pettigrew observes (Trans. Linn. Sac., 
vol. xxvi., p. 261) : — 

** In birds which glide or skim, it has appeared to me that the tving is recovered mxich more quickly, and the 
downward stroke is delivered much more slowly, than in ordinary flight ; in fact, tliat the rapidity with which the 
wing acts in an upward and downward direction is, in some instances, more or less reversed ; and this is what 
we would naturally expect if we recollect that in gliding the wings require to be, for the most part, in the expanded 
condition." 

Prof. Marey writes in a similar strain. He states : — 

'* Experiment proves that the wing of the bird is raised more quickly than it descends " (p. 212). .. . 
" Contrary to the opinion entertained by some writers, tJie duration of the depression of the mng is usually longer 
than that of its rise. The inequality of these two periods is more distinctly seen in birds whose wings have a 
surface and which beat slowly " (p. 228). 

Weight, according to Dr. Pettigrew, contributes to horizontal flight. In illustration he states (Trans, Roy. 
Soc. Edin., vol. xxvi., pp. 355, 356) : — 

" If two quill-feathers are fixed in an ordinary cork, and the apparatus allowed to drop from a height, the 
cork does not fall vertically downwards, but downwards and forwards in a curve. When artificial wings, constructed 
on the principle of natural ones, are allowed to drop from a height, they describe double curves in falling, the nwts 
of the wing reaching the ground first, which proves the greater buoying power of the tips of the wings. Weight, 
when acting upon wings, must be regarded as an independent moving power." ..." The ujitigs of the bird form 
a natural parachute, from which the body depends both during the down and up strokes " (p. 371). 

Prof. Marey performs similar experiments, and arrives at similar conclusions. Thus he explains (p. 217) that 
if a sheet of paper folded in the middle, with a wire loaded at one end and fixed in the bent portion, be allowed 
to fall, the apparatus will not descend vertically, but will follow an oblique trajectory ; and that if the comers of 
the paper be bent, and the concavity directed downwards, the apparatus will in falling describe a double curve. 

'' The wings are attached exactly at the highest part of the thorax, and consequently, when the outstretched 
wings act upon the air as a fulcrum, all the weight of the body is placed below this surface of suspension. Thus 
the heaviest part is placed as low as possible beneath the point of suspension. The bird, as it descends with its 
wings outspread, will thus present its ventral region downwards, without its being necessary to make an effort to 
keep its equilibrium ; it will take this position passively, like a parachute set free in space, or like the shuttlecock 
when it falls upon the battledore " (" Animal Mechanism," p. 216). 

Dr. Pettigrew likens the wing of the bird to a boy's kite (Proc. Roy. Inst, of Great Britain, March 22, 1867) :— 

** The wing of the bird acts after the manner of a boy^s kite, the only difference being that the kite is pulled 
forwards upon the wind by the string and the luind, whereas in the bird the wing is pushed forwards on the wind 
by the u>eight of the body and the life residing in the pinion itself." 

Similar in substance is the subjoined passage from Prof. Marey (p. 220) : — 

'' In the last two forms, the wing, directed more or less obliquely, derives its point of resistance from the 
air, like the child's plaything called a kite, but with this difference — ^that the velocity is given to the kite by the 
tractile force exerted on the string when the air is calm, while the bird when it hovers utilises the 8|>eed which it 
has already accjuired either by its obluiue fall or by the previous flapping of its wings." 

Dr. Pettigrew attaches great importance to the activity of the wing and its small size. Thus he remarks 
(Trans. Roy. Soc. Edin., vol. xxvi., p. 408) : — 

'' The surfaee exjmsed by a natural uing, when compared with the great weight it is capable of elevating. i< 
remurkabhj smuU. This is account^id for by the length and great range of ^notion of natural wings, the latter 
enabling the wings to convert large tracts of air into supporting areas. It is also accounted for by the mM//i/>/iW/y 
of the movemeiUs of jwtural unngs, these enabling the pinions to create and rise upon currents of their own forming. 

^ It is <'vi(l»'iit tVom tlu' sucr»'f(liii«^ I»;irji;^rai)li t<» iilmvc (jiuitatiim funn '•Aiiiiiial Mrchaiiism/' tliat lV<»f. IVIai'uy had road Dr. IVtti'n^'V* > 
()l).S4'rvations to wliicli wi* liavt- just ivr«'rre«J. 
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and to select and utilise existing currents.'' . . . ** The problem of fight would seem to resolve itself into one of weighty 
power, velocity, and small surfaces, as against comparative levity, debility, diminished speed, and extensive surfaces " 
(p. :386). 

Analogous in many respects to the foregoing is the following from Prof. Marey (p. 222) : — 

" The part played by the wing in flight is not merely passive, for a sail or a parachute ought always to have 
a surface in proportion to the weight which it has to support ; but, on the contrary, when considered in its proper 
point of view, as an organ which strikes the air, the wing of the bird ought, as we shall see, to present a surface 
relatively less in birds of a large size and of great weight^ 

Again : — 

" Animals of large size and great weight sustain themselves in the air with a much less proportumate surface 
of loing than those of smaller size " (p. 222). 

Dr. Pettigrew dwells upon the relative speed attained by the different parte of the wing (Trans, Roy, Soc. 
Edin., vol. xxvi., pp. 399-442). He says the wing as a rule is long and narrow. 

" As a consequence a cornparatively slow and very limited movement at the root confers great range and immense 
speed at the tip, the speed of each portion of the wing increasing as the root of the wing is receded from." . . . 
'' The small humming-bird, in order to keep iteelf stationary before a flower, requires to oscillate ite tiny wings 
with great rapidity, whereas the large humming-bird can attain the same object by flapping ite large wings with 
a very slow and powerful movement." ..." In the larger birds the movemente are slower in proportion to the 
size, and more especially in proportion to the length, of the wing. This leads me to conclude that very large wings 
may be driven vnth a comparatively slow motion.^^ 

Professor Marey illustrates the same pointe as under (p. 224) : — 

" It is not immaterial whether the surface which strikes the air has ite maximum near the body or near the 
extremity ; these tuH> points have, very different velocities. For an equal extent of surface the resistance will be greater 
at the point of the wing than at ite base." 

Again (p. 226) :— 

" It can be proved that, if the strokes of the wing were as frequent in large as in small birds, each stroke 
would have a velocity whose value would increase with the size of the bird ; and as the resistance of the air 
increases, for each element of the surface of the wing, according to the square of the velocity of that organ, a 
considerable advantage uKyuld result to the bird of large size, as to the work produced upon the air.'^ 

Dr. Pettigrew shows that the vigour with which the wing is propelled varies according as the bird is rising, 
falling, or progressing in a horizontal direction (Trans. Linn. Soc., vol. xxvi., pp. 227, 2(50, 261). He observes : — 

" All birds which do not, like the swallow and humming-birds, drop from a height, raise themselves at first 
by a vigorous leap, in which they incline their bodies in an upward direction. By a feiv sweeping strokes, delivered 
downwards and forwards, in which the wings are nearly made to meet above and below the body, they lever 
themselves upwards and forwanls, and in a surprisingly short space of time acquire that degree of momentum 
which greatly assiste them in their future career." . . . '* The forward movement of the wing during the down or 
effective stroke is particularly evident in birds when rising, the wing on such occasions being urged with unusual 
vigour " (p. 227, op. cit.). 

"' When the bird has elevated iteelf to the desired height, the length of the downvxird stroke is generally curtailed, 
the mere extension and flexion of the wing, assisted by the weight of the body, in some cases sufficing for the 
ordinary purposes of flight. This is especially the case if the bird is advancing against a slight breeze " (pp. 260 
and 261). '' If birds wish to descend, they may reverse the direction of the inclined plane, and plunge head fore- 
most with extended wings ; or they may flex the wings, and so accelerate their pace ; or they may raise their 
wings, and drop parachute fashion ; or they may even fly in a downward direction — a few sudden strokes, a more 
or less abrupt curve, and a certain degree of horizontal movement, being in either case necessary to break the fall 
previous to alighting " (p. 262, op. cit.). 

Prof. Marey, as the annexed passages show, also adverte to the relative frequency and force with which the 
wing is urged in ascending, descending, and horizontal flight, though less fully than Dr. Pettigrew does : — 

" The frequency of the strokes of the wing varies also according as the bird is first starting, in full flight, or 
at the end of ite flight " (p. 228, " Animal Mechanism "). 

Again : — 

" (Wfining the question within these limite, experiment shows that the strokes of the bird's wing differ in 
amplitude and in frequency from one moment to another as they fly. When they first start the strokes are rather fewer, 
hut much more energetic ; they reach, after two or three strokes of the wing, a rhythm almost regular, which they 
lose again when they are about to settle " (p. 234, op. cit.). 
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Dr. Pettigrew lays especial emphasis on the elliptical movements made by the wing of the bird (Trans. Linn. 
Soc., vol. xxvi.). Thus he remarks : — 

" During extension the elbow and bones of the forearm, particularly their distal extremities, describe an ujyward 
curve. During flexion the elbow and bones referred to describe another but opposite curve. The movements described 
by the elbow-joint during extension and flexion may consequently be represented by an ellipse or ovoid " (p. 248, 
op. cit., Diagrams 8 to 13 more especially). 

Prof. Marey follows Dr. Pettigrew in the matter of these elliptical movements. He says : — 

'* During the whole of the bird's flight the registering lever described a kind of ellipse.^^ ..." All our experi- 
ments have shown that birds of different species describe with their wings an elliptical trajectory " (p. 242). 

Again : — 

" In fact, the bone of the wing in each describes a kind of irregular ellipse, with its greater axis inclined dotvn- 
wards and forwards.^^ 

Dr. Pettigrew represents the wing of the bird as oscillating on two separate axes — the one running parallel 
with the bird, the other at right angles to it — and adds (in his 1867 memoir to the Linnean Society, p. 243) : — 

" The wing may be said to agitate the air in two principal directions, viz. from within outward or the reverse, 
and from behind forward or the reverse, the agitation in question producing two powerful pulsations — a longitudinal 
and a lateral.'' 

Prof. Marey gives, more briefly but yet in very similar terms, the same statement. He says (p. 247) : — 

" That a bird passes through a double oscillatory movement, in a vertical plane, for each revolution of its wings." 

Dr. Pettigrew describes and delineates the wing of the bird as advancing in a curved line, both when it rises 
and falls. He observes (Trans. Linn. Soc., vol. xxvi., pp. 214 and 233) : — 

" Tn the water the wing strikes doumumrds and backwards (and acts as an auxiliary of the foot), whereas in 
the air it strikes downwards and forwards. ... To counteract the tendency of the bird in motion to fall in a down- 
ward and forward direction, the stroke is delivered in the direction in which falling would naturally occur — the 
kite-like action of the wing, and the rapidity with which it is moved, causing the mass of the bird to pursue a 
more or less horizontal direction. I offer this explanation of the action of the wing in and out of the water after 
repeated and careful observation in tame and wild birds, and, as I am aware, in opposition to all previous writers 
on the subject." 

Prof. Marey again corroborates Dr. Pettigrew's original observations, as the subjoined extract from " Animal 
Mechanism " will show (p. 254) : — 

" The inspection of the curve shows us also that the pigeon's wing was carried more especially in the direc- 
tion of the upper parts, similar to the point A ; in other terms, that the forward predominated over the backuxird 
movement.''^ 

Dr. Pettigrew describes and figures the body of the bird in flight as alternately rising and falling in forward 
curves, the curves descril)ed by the body being the opposite of those described by the wing, those movements being 
due to a kite-like action of the wings (Trans. Roy. Soc, Edin., vol. xxvi., pp. 343, 344). Thus Dr. Pettigrew 
remarks : — 

" It is a condition of natural wings, and of artificial wings constructed on the principle of living wings, that, 
when forcibly elevated or depressed, even in a strictly vertical direction, they inevitably dart forward. In both 
cases the wing describes a waved track, which clearly shows that the wing strikes downwards and forwards during 
the down stroke, and upwards and forwards during the up stroke. The wing, in fact, is alwa)rs advancing, its under 
surface attaching the air like a boy^s kite.^^ ..." As the body of the insect, bat, and bird, falls forward in a curve 
when the wing ascends, and is elevated in a curve when the wing descends, it follows that the trunk of the animal 
is urged along a waved line. I have distinctly seen the alternate rise and fall of the body and wing, when watching 
the flight of the gull from the stem of a steamboat." 

Professor Marey writer in a very similar strain. He asks (pp. 264, 265) : — 

" But do we find that the bird, when suspended in the air, keeps at a constant level, or does it pass through 
oscillations in the vertical plane ? Do we not experience, by the intermittent effect of the flapping of its wings, 
rising and falling motions, of which the eye can detect neither the frequency nor extent ? Again, does not the bird 
advance in its onward course, with variable rapidity ? Shall we not find in the action of its wings a series of 
impulses, which give to its advancing course a jerking motion ? These queries can be answered experimentally." 
..." To explain the ascent of the bird during the time of the elevation of the wing, it seems indispensable to 
refer to the effect of the child's kite, to which we have before alluded. The bird, having acquired a certain velocity, 
presents it« wings t^ the air as inclined planes.^' ..." Thus, by registering at the same time the two orders of 
oscillation in the flight of a buzzard, we find that the phase of depression of the wing produces at the same time 
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the elevation of the bird and the acceleration of its horizontal swiftness '' (p. 269). . . . ^' A part of this resist- 
ance, viz. that which is applied to the lower surface of the mng, is utilised to sustain the bird by the kind of 
action which we have compared to that of a child's kite. It appears that this action is of primary importance 
in the flight of the bird " (p. 275). . . . *' In the bird, one of the phases of the movement of the wing is, to a 
certain extent, passive ; that is to say, it receives the pressure of the air oti its lower surface, when the bird is 
projected rapidly forward by its acquired velocity. Under these conditions, the whole bird being carried forward 
in space, all the parts of the wing are moved with the same rapidity, to take advantage of the action of the 
air, which presses on them as on a kite '' (p. 276). 

Dr. Pettigrew explains that the wing is a screw structurally and functionally ; that it revolves on two axes (the 
one running in the direction of the length of the wing, the other in the direction of its breadth), and that the action 
of the wing resembles the action of an oar in sculling (Trans. Linn. Soc., vol. xxvi., pp. 206, 229, 231, and 266 ; 
Proc. Roy. Inst, of Great Britain^ March 22, 1867). Thus, he states that :— 

" In the fish, the lower half of the body and the broadly expanded tail are applied to the water very much 
as an oar is in scuUing. . . . The fish may be said to drill the water in two directions, viz. from behind forward, 
by a twisting or screwing of the body on its long axis, and from side to side by causing its anterior and posterior 
portions to assume opposite curves. The pectoral and other fins are also thrown into cur\'e8 in action, the move- 
ment, as in the body itself, travelling in spiral waves ; and it is worthy of remark that the wing of the insect, 
bat, and bird obeys similar impulses. 

" The fins are rotated or twisted, and their free margins lashed about by spiral movements, which closely resemble 
those by which the wings of insects are propelled. . . . That the wing twists upon itself structurally, not only in 
the insect, but also in the bat and bird, any one may readily satisfy himself by a careful examination ; and that 
it twists upon itself during its action I have had the most convincing and repeated proofs." " The wing of the bird 
acts as a twisted inclined plane. In this respect it intimately agrees with the wing of both the insect and bat. . . . 
The twisting in question is most marked in the posterior, or thin margin of the wing, the anterior or thicker margin 
performing more the part of an axis. As the result of this arrangement, the anterior or thick margin cuts into the 
air quietly, and as it were by stealth, the posterior one producing on all occasions a violent commotion, especially 
perceptible if a flame be exposed behind the insect." 

Professor Marey goes over the same ground in much the same way. Thus, at pp. 107, 109, 198, 208, 210, 211, 
259, and 261, he states : — 

"The oar is found in many insects which move on the surface of the water. A contrivance is employed by 
other animals, which resembles the action of an oar used at the stem of a boat in the process called scuUing. To 
the latter motive power may be referred all those movements in which an inclined plane is displaced in the liquid, 
and finds in the resistance of the water which it presses obliquely two component forces, of which one furnishes 
a movement of propulsion." ..." When a fish strikes the water with his tail, in order to drive himself forward, 
he executes a double work ; a part tends to drive behind him a certain mass of fluid with a certain velocity, and 
the other to drive the animal forward, in spite of the resistance of the surrounding water. . . . A/rial Locomotion. — 
This mechanism is still the same, the motion of an inclined plane, which causes motion through the air ; the wing, 
in fact, in the insect as well as in the bird, strikes the air in an oblique manner, repels it in a certain direction, 
and gives the body a motion directly opposite." ..." Each stroke of the wing acts upon the air obliquely, and 
neutralises its resistance, so that a horizontal force results, which impels the insect forward. An effect is produced 
analogous with that which takes place when an oar is used in the stem of a boat in the action of sculling. ^^ 
" Most of the propellers which act in water overcome the resistance of the fluid by the action of an inclined plane. 
The tail of the fish produces a propulsion of this kind. Even the screw may be considered as an inclined platie, 
whose movement is continuous, and always in the same direction. . . . We see the main rib (anterior margin) of 
the wing remain sensibly immovable, and around it turns the membranous portion (posterior margin)." . . . *' If this 
motion as on a pivot did not exist, the wing would cut the air with its edge, and would be utterly incapable of 
producing flight." ..." The wing presents very remarkable changes of plane at the inner part towards the body ; the 
wing inclines considerably, both downwards and backwards ; while near its extremity it is horizofUal and somewhat 
slightly turned up.'' . . . *' We admit that the wing revolves on an axis.'' ..." It was necessary, therefore, for the 
lever, while fixed to the feathers of the bird, to glide freely on the rod in the direction of its length ; and yet that 
it should cause it to receive, under the form of torsion, all the changes of inclination that are transmitted to it by 
the wings of the bird." ..." For this purpose we must return to the dotted figure 8, which is the impression of the 
torsions of the unng of the different instants." 

Dr. Pettigrew points out that the wing acts as a true kite, both during the down and up strokes. He remarks 
{Trans. Roy. Soc. Edin., vol. xxvi., p. 343) : — 
VOL ni. 2 s 
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" If, as I have endeavoured to explain, the wing, even when elevated and depressed in a strictly vertical direc- 
tion, inevitably and invariably darts forward, it follows, as a consequence, that the wing flies forwards as a true 
kite, both during the down and up strokes, and that its under concave, or biting surface, in virtue of the forward 
travel communicated to it by the body in motion, is closely applied to the air, both during its ascent and descent ; a 
fact hitherto overlooked, but one of considerable importance, as showing how the wing furnishes a persistent buoyancy 
alike when it rises and faVs. The angle made by the wing of the bat and bird with the horizon is constantly 
varying, as in the insect wing." 

Professor Marey, in his earlier writings (Revue des Cours Scientifiques de la France et de V Stranger, Mars. 
1869), describes the wing as making a backward angle of 45^ with the horizon during its descent, and a forward angk 
of 45° during its ascent. 

This view was shown by Dr. Pettigrew to be untenable, and we find it greatly modified in Professor Marey's 
later work. Thus, at Fig. Ill, p. 263, where the angles of inclination made by the wing during its rise and fall 
are given, the under surface of the wing is represented as forming a kite, during quite three-fourths of one entire 
revolution of the wing. 

At no point is the wing represented as making, during its descent, a backward angle of 45°. Nor is this all. 
At p. 274, Professor Marey states that — 

" In free flight the axis of the bird is horizontal, or rather, turned somewhat upward. Restored to this proper 
position, a fresh direction would be given to each of the positions of the wing. Then, probably, we should see that 
the wing always presents its lower surface to the air, as the only one which can find in it a point of resistance." 

In this modified statement, as may readily be perceived, we have simply a repetition of Dr. Pettigrew's view, 
viz. " that the under surface of the wing acts as a kite, both when the wing rises and faUs.^^ 

We might greatly multiply these parallel passages in proof of our original assertion, that in all Professor 
Marey's writings and experiments in flight, Dr. Pettigrew's original discoveries and experiments may be traced, and we 
may fairly emphasise our other statement, " that Professor Marey has done scant justice to Dr. Pettigrew.^'* 

This is the more evident, as we are given to understand that Dr. Pettigrew's original memoirs and papers were 
duly transmitted to Professor Marey immediately after their publication. 

From the foregoing, it will be evident that Professor Marey has added comparatively little to the science of 
aerostation. He has, for the most part, simply confirmed by experimental methods, in which he is an adept, Dr. 
Pettigrew's original observations and experiments, published nearly two years before his own experiments were 
undertaken. 

Professor Marey is certainly not entitled to say, as he does at p. 187, that '" notunthstanding this apparent agree- 
ment, our theory and that of Dr. Pettigrew differ materially from each other. ^^ 

Still less is he entitled, virtually, to appropriate Dr. Pettigrew's descriptions and figures, without full and fair 
acknowledgment. Least of all is he entitled to modify and misrepresent those descriptions and figures. 

Such practices sap the foundation of science. 



APPENDIX III 

SPJRAL FORMATIONS IN RELATION TO WALKING, SWIMMING, 

AND FLYING' 

The universality of the spiral in nature is a subject alike for surprise and reflection. As regards beauty of 
outline, the spiral transcends all other forms, and is a source of pleasure. The spiral occurs very frequently both 
in the inorganic and organic kingdoms, and, as I hope to show in the present article, has its own special uses. It 
is seen on a grand scale in the spiral arrangements of nebulse, in the whirlwind and whirlpool, in the waterspout 
and the sand-storm, in the cyclone, and other natural phenomena. As concerns living things it is fundamental, and 
manifests itself in the most rudimentary plants and animals, in the cells and seeds of the higher plants, and in 
the spermatozoids of the more complex animals. It makes its appearance, so to speak, at the very threshold of 
life, and can be traced through the whole vegetable and animal kingdoms up to man himself. It is seen in spiral 
stems, spiral tendrils, spiral leaves, spiral flowers, spiral fruits, &c., in plants, and in spiral bones and joints, spiral 
muscles, spiral horns, spiral teeth, spiral shells, &c., in animals. It not only abounds in every department of plant 
life but it also lends itself freely to the construction of large numbers of external and internal skeletons in animals. 
All the hard and soft parts of the higher animals are, with few exceptions, dominated by it. It is a thing not of 
accident but of design. 

Apart from the beauty and grace which inhere in every variety of spiral I think I can trace in it a hidden 
and far-reaching purpose. Indeed, I can show that not only do spirals enter largely into the formation of plants 
and animals, but also that the complicated movements of climbing plants and tendrils and of walking, swimming, 
and flying are directly traceable to their existence ; nay, more, that the circulation of the blood in birds and 
mammals is in great measure due to the ventricles of the heart being composed of powerful combinations of spiral 
muscular fibres. As a matter of fact, the blood in birds and mammals is forced by the ventricles into the larger 
blood-vessels (especially the aorta) by spiral movements which cause it to gyrate within them much in the same 
way that a rifle bullet is made to gyrate within a rifle when the weapon is discharged. The ancient and grim 
phrase *' wringing the heart's blood " has, curiously enough, its foimdation in fact. The spiral ventricles of the 
heart in birds and mammals are typical of many other structures. In the human species the stomach, bladder, 
uterus, &c., are all composed of spiral, figure-of-8 muscular fibres : and, strange as it may appear, the food, the urine, 
and even the foetus, are subjected to spiral pressure when being passed on and extruded. In parturition in the 
human female the offspring make a distinctly spiral exit, a result produced partly by the movements of the uterus 
and partly by the configuration of the pelvis. The heart is at once the most spiral and powerful muscle in the 
body, if the amoimt of work performed by it and its unceasing activity be taken into account. The ventricles 
of the heart are also by far the most complicated muscles known. Their arrangement forms a veritable Gordian 
knot in anatomy, the famous anatomists, Vesalius, Albinus, Haller, and De Blainville all confessing their inability 
to imravel it. The ventricles of the heart are deserving of very particular attention, both as regards their structure 
and function, from the fact that they throw a flood of light on muscular arrangements and movements as a whole. 

All muscles, voluntary and involuntary, are fundamentally spiral in their nature. Sometimes only a curve or 
portion of a spiral can be distinguished, at other times entire systems of double reversing spirals can be made out. 
The involuntary muscular fibres of the ventricles of the heart in the bird and mammal afford beautiful examples 
of complicated double spirals, and one has only to study the spiral configuration of the bones (especially the long 
bones) as seen in the extremities of birds and mammals, and the spiral configuration of the joints connected there- 
with, to be convinced that the voluntary muscles must not only be spirally arranged but that they must also act 
spirally. The spiral action of the volimtary muscles is most observable where they act upon spiral joints, but it 
is also well seen where they act upon imiversal or ball-and-socket joints, such as the shoulder and hip-joints. It 

* Reprinted from The Lancet^ January 2, 1904. 

ISO.*-! 
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is in virtue of the spiral action of the muscular masses connected with ball-and-socket and with spiral hinge and 
other joints that circumduction and partial rotation of the arms and legs are possible. It is a curious fact that 
the muscular masses which invest and actuate ball-and-socket joints have their fibres arranged very much as the 
muscular fibres of the ventricles of the heart in birds and mammals are arranged — that is, they run in vertical, oblique, 
and transverse spiral directions. The muscles of the pharynx, oesophagus, and tongue follow the same general plan. 
The voluntary and involuntary muscles, it will be seen, are arranged in spiral cycles, the only difference between 
the two kinds of muscles being that in certain of the hollow viscera, say the ventricles of the heart of the bird 
and mammal, the involuntary muscles are arranged round spiral cavities, whereas the voluntary muscles, say those 
occurring in the extremities of the bird and mammal, are arranged round spiral bones and spiral and other joints. 
The involuntary hollow muscles communicate, as stated, a spiral impulse to the substances contained within them ; 
the voluntary solid muscles, on the other hand, cause the extremities and other parts of the body to make spiral 
movements and describe spiral trajectories. 

Muscles, whether voluntary or involuntary, in every instance act harmoniously and to given ends. Their move- 
ments are never perfunctory or haphazard. There is no such thing as flexor muscles forcibly and violently dragging 
out extensors, pronators supinators, abductors adductors, and the converse. This would be a mere waste of power, 
as it would necessitate one muscle contending with another, while each muscle has the same object in view — namely, 
the moving of certain bones or parts. When the flexor muscles shorten or contract the extensor muscles elongate 
or relax. This they do by simultaneous centripetal and centrifugal movements. Not only do the volimtary muscles 
act together and in groups, but they require to be trained to prevent antagonistic action. Walking, swinmiiiig, 
and flying have all to be learned, and the training consists in teaching the several muscles and groups of muscles 
to act in concert at stated intervals. Antagonism in muscular action would be fatal to the performance of muscular 
work. As a matter of fact, all muscles are invested with a double vital power whereby itiby can shorten and 
elongate, or, what is the same thing, close and open, by alternate centripetal and centrifugal movements, the flexor 
muscles closing and shortening when the extensor muscles open and elongate, and vice versd. 

In no part of the body do curves and spirals play a more prominent part than in the spinal column, the 
pelvis, shoulders, and extremities. In man the spinal column consists of four exquisite curves, the convexities of 
the cervical and abdominal curves being directed forward and the convexities of the thoracic and pelvic curves 
being directed backward. This double system of curves diffuses shocks equally from above and below, and presents 
a line of beauty not matched even by that of the famous limner, Hogarth. The pelvis consists of a series of most 
beautiful arches (some of them skew), and the bones composing the arches are twisted in various directions. Similar 
remarks apply to the scapulae, the clavicles, and the ribs. The bones of the extremities, as already pointed out, 
are spiral in their nature, but they are also in the majority of cases slightly bent in the direction of their length, 
a circumstance which contributes greatly alike to their elasticity and to their strength. Additional strength and 
elasticity are obtained, in the case of the arm and thigh bones (humerus and femur), by the bones being pro- 
vided with short, oblique necks where they articulate with the body, an arrangement calculated to neutralise impacts 
of all kinds from the hands, feet, and other parts of the extremities. 

In virtue of the spiral arrangements which obtain in the muscles and in the bones and joints of the. extremities 
the limbs of bipeds and quadrupeds in walking and running describe alternating, complemental, figure-of-8 curves 
arranged in different planes, which approximate but never interlock. A locking movement of the extremities 
would render locomotion impossible. It follows that men and animals can, by the aid of their extremities, which 
move in free spiral curves, perform long journeys without difficulty. As is well known, the bodies of vertebrate 
animals are bilaterally symmetrical. This is especially true of man, who may be regarded as the paragon of living 
forms. In order to bring about this bilateral symmetry the body is composed of right and left-handed spiral 
segments, the one slightly overlapping and dominating the other. This view is favoured by the fact that antelopes 
and other animals which grow spiral horns invariably produce a right-handed spiral on one side of the head and a 
left-handed spiral on the other or opposite side of the head. The overlapping, stronger, and more active segment or 
half of the body practically settles the question of right- and left-handedness, the individual being right-handed when 
the right segment and left-handed when the left segment is in the ascendancy. The brain, as the controlling agent, 
is a leading factor in determining whether an individual is to be right or left-handed. 

Without entering into the subject too minutely, it is safe to assert that the one side of the body is almost 
invariably stronger than the other, and that this greater strength, however produced, inclines the individual to 
use that fide, and the extremities of that side, the most. This is well seen in the lead taken by one or other 
extremity in walking. If the eyes be blindfolded it is not possible to walk in a perfectly straight line. It is found, 
moreover, next to impossible to walk in a perfectly straight line even when the eyes are open and fixed on a given 
object. Unconsciously, the heavier, stronger, and more active half of the body asserts itself, and the individual 
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swerves in curves to the right or lett in spite of himself. The curved spiral movements of the limbs and the 
trend to the right or left in particular instances explain why natural footpaths in fields and waste places are 
almost invariably tortuous and winding. The spiral arrangements to which reference has been made culminate in 
the movements of walking, swimming, and flying. These important movements, on which the lives of the higher 
animals largely depend, are, as I showed in 1867 and subsequently,^ distinctly spiral in their nature. When a 
man walks he twists his body at the shoulders and hips diagonally, the right arm and left leg advancing together 
to form one step, the left arm and right leg advancing together to form a second step. The right arm and left 
leg in walking make opposite spiral curves, and these are crossed by similar curves made by the left arm and right 
leg, the result being a series of double figure-of-8 curves. The same thing happens when a bird swims by the aid 
of its feet. In this case the right leg with the right webbed foot fully expanded is during the effective stroke thrust 
in a backward direction and makes a right-handed curve ; the right foot, which during the non-effective stroke is 
closed and drawn towards the body, making a left-handed curve. The left leg and foot perform similar move- 
ments, and as the right and left legs and feet act alternately, double or figure-of-8 curves are generated. Similar 
remarks are to be made of the movements of quadrupeds. These, however, are slightly more complicated. Thus, 
in the walk of the horse the body is alternately supported on diagonals formed by the right fore and left hind legs 
and the converse ; on laterals formed by the right fore and right hind legs and the converse ; and on tripods 
formed by the two fore legs and one hind leg and the converse. In one stride the body is successively supported 
(1) by the two hind legs and the left fore leg ; (2) by the left fore and right hind legs ; (3) by the two fore and 
right hind legs ; (4) by the right fore and right hind legs ; (5) by the right fore and the two hind legs ; (6) by 
the right fore and left hind legs ; (7) by the two fore and left hind legs ; and (8) by the left fore and left 
hind legs. 

The supports formed by the legs of the horse vary in the several paces, such as the trot, the gallop, the 
amble, &c. The outstanding feature in all the paces is the twisting movements of the body at the shoulders and 
hips, and the sinuous, double figure-of-8 curves made by the legs and feet on leaving and reaching the ground. 
These double-curved movements are well seen in the swimming of the fish, especially the long-bodied fishes. In 
swimming the body of the fish is thrown into alternating, complemental, cephalic, and caudal curves. (Generally 
the sinuous double-curve movements can be traced also in the pectoral fins of fishes, these fins being the homo- 
logues of the anterior extremities of quadrupeds and bipeds. They invariably occur in the tail, which is lashed from 
side to side by a sculling movement. The tail of the fish is made to vibrate laterally, and while so engaged it 
twists upon its root or axis in such a manner as to produce double curve, figure-of-8 movements. The pectoral 
and caudal fins of fishes are of a generally triangular shape, and are beautifully graduated, tapering, elastic structures. 
They closely resemble wings both in structure and function. They are all propelling organs. If the pectoral fin 
of the thresher shark (Carcharias vtUpes) be examined it will be found that it is triangular-shaped, thick, and semi- 
rigid at the root and along the anterior margin, and thin and elastic at the tip and along the posterior margin. 
This is the type of all wings, as an inspection of the wing of an insect, bird, or bat will show. Wings are slightly 
twisted upon themselves structurally, and are screws functionally. The main difference between the pectoral fins 
of the shark and the wings of flying creatures consists in the greatly increased size of the latter. In only one case 
— namely, that of the flying-fish — do the pectoral fins approach the wings in dimension. The flippers of the dolphin, 
whale, and sea-bear resemble the pectoral fins of the shark both in form and function. The fins and tails of fishes 
and the flippers of sea mammals simply propel. The wings of insects, birds, and bats propel, elevate, and sustain. 
Fins, wings, and flippers, however, act on a common principle, which finds its expression in the sinuous, double 
curve, figure-of-8 movements referred to in the walking of the quadruped and biped and in the swimming of the 
bird and fish. That wings act as explained can readily be verified by holding a bluebottle fly or bee against a dark 
background in a strong light when the wings are vibrating rapidly. The blur or impression produced on the eye 
of the spectator by the swiftly moving wing is twisted figure-of-8 fashion, a circumstance due to a change of plane 
in the wing and to the fact that the wing acts spirally in two directions as it hastens to and fro, the double curves 
forming one-half of the 8 being developed during the forward stroke and the double curves forming the other half 
of the 8 being developed during the back or return stroke. In free flight the figure-of-8 is opened out spirally, the 
wing in this case making a waved trajectory in space. In the insect the wing acts more horizontally than in the 
bird and bat. In the bird and bat the spiral figure-of-8 movements made by the wings can be readily detected by 
a practised eye and careful observation. When the wings of the bird and bat are made to vibrate in captive or 
slow flight the tips of the wings make more or less vertical figure-of-8 trajectories. In free, rapid flight the 

* **0n the Various Modes of Flight in Relation to Aeronautics" {I^tKeedinys of the Riiyal InstiluUon of Ureal Britain, 1867); "On the 
Mechanical Appliances by which Flight is attained in the Animal Kingdom" {Traiiaactitms of the Linncan Society, vol. xxvi., 1867); **0n the 
Physiolo^ of Wings'* {Transttctioim of the Rmjal Society of Kdinbur(jh,\o\. xwi., 1870); *'0n Animal Locomotion" (Anglo-American Science 
Series, 1873), &c. 
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figure8-of-8 made by the wings are opened out and spirally unravelled, and form waved trajectories — ^as in insects. 
To this there is no exception, as I have very fully convinced myself alike by observation and experiment. In 
birds and bats the wings are more or less folded and shortened during the up-strokes and expanded and lengthened 
during the down-strokes. The wings of birds and bats, as I first pointed out in 1867, strike downwards and forwards 
during the down-stroke and upwards and forwards during the up-stroke. This view, wholly opposed to prevailing 
beliefs, was much debated at the time, but has been strikingly and amply corroborated by instantaneous photographs 
of flying birds taken by Mr. E. Muybridge and others. In these photographs — those of the pigeon, e.g. — ^the tips 
of the wings at the beginning of the down-stroke are as far back as the extremity of the tail, whereas at the end of 
the down-stroke they are in advance of the beak of the bird the whole length of the body or more. The old idea 
was that the wings jmshed the body of the flying creature forward ; in reality, the wings always fly in advance of 
the body and piUl it forward. The result is the same, but the modus operandi is wholly different. 

In all natiu^l wings and in all artificial wings properly constructed the figure-of-8 and waved movements are 
invariably developed in captive and free flight. The great interest taken in artificial flight of late years invests the 
subject of the present article with a new zest, and this has been heightened by the recent publication (1903) of a siuall 
work by Mr. Theodore Andrea Cook, M.A., entitled " Spirals in Nature and Art : a Study of Spiral Formations 
based on the Manuscripts of Leonardo da Vinci, with special reference to the Architecture of the Open Staircase at 
Blois, in Touraine." Mr. Ck)ok in the work in question has attributed, rightly or wrongly, to that celebrated artist, 
architect, and engineer a large number of the most important discoveries of modem times. I say rightly or wrongly, 
as Mr. C'ook adduces no proof to show that I^eonardo actually made the discoveries which he has assigned to him 
— proofs, it appears to me, being required in the case of a savant who died several centuries ago and whose writings 
are very little known. In the matter of flight the claims which Mr. Cook makes for Leonardo are wholly unwarranted 
— indeed, wholly opposed to facte. Thus at pp. 153 and 154 of his book he says : '' The downward stroke of a 
bird's wing, which is supposed to be so new a revelation of the instantaneous camera, was noted independently by 
Leonardo. He observed, too, that as the tips of a bird's wings in flight go up and down as well as onwards they 
make a spiral in the air which is adapted to the strength of wind resistance it has to encounter, and he made use 
of this observation in his theory of flying- machines. His brain was able to infer what no human eye could really 
see, and when he noted that the spiral formation of a screw was suggested by the movement of a flying bird, it 
was not till 400 years afterwards that the truth of the inference could be visibly demonstrated." Mr. Cook, in 
support of the claim which he sete up for Leonardo, appropriates (vide Fig. 45 of his book) two of my original figures, 
which he assigns to Leonardo without acknowledgment. In this connection I have to state that Mr. Cook, in a recent 
issue of Nature (July 30, 1903), has frankly admitted that he inadvertently appropriated my figures. In his apology 
however, he avers that my figures are of very little importance to his argument. He gives with the one hand 
and takes with the other. The statement quoted above is altogether inaccurate, and is not justified, even indirectly, 
by any passage or drawing occurring in the manuscripte of Leonardo da Vinci, which I have carefully examined. 
As a matter of fact, Mr. Cook, in his great admiration of Leonardo, unwittingly reads into Leonardo's short treatises 
and notes on natural and artificial flight the discoveries on these subjecte of the last thirty-six years. He gives to 
the sixteenth century what unquestionably belongs to the nineteenth century. Leonardo's chief work on flight, 
bearing the title " Codice sul Volo degli Uccelli e Varie Altre Materie," written in 1505, consiste of a short manuscript 
of twenty-seven small quarto pages, with simple sketch illustrations interspersed in the text. In addition he makes 
occasional references to flight in his other manuscripte, which are also illustrated. In none of Leonardo's manu- 
scripte, however, and in none of his figures is the slightest hint given of his having any knowledge of the spiral 
movements made by the wing in flight or of the spiral structure of the wing iteelf . Mr. Cook, as explained, also claims 
that Leonardo knew the direction of the stroke of the wing as revealed by recent researches and proved by modem 
instantaneous photography. As a matter of fact, Leonardo gives a wholly inaccurate account of the direction of 
the stroke of the wing. He states that the wing during the down-stroke strikes downwards and backwards, whereas 
in reality, and as demonstrated by me in 18(57, it strikes downwards and forwards. In speaking of artificial flight 
I^eonardo says, " The wings have to row downwards and backwards to support the machine on high, so that it 
moves forward." In speaking of natural flight he remarks, '' If in its descent the bird rows backwards with its 
wings the bird will move rapidly ; this happens because the wings strike the air which successively runs behind 
the bird to fill the void whence it comes/' There is nothing in Ijconardo's writings to show that he knew either the 
anatomy or physiology of the wing in the modern sense. He certainly did not know that the wing is a screw 
structurally and functionally ; that in captive flight it makes a figure-of-8 track ; that in free flight the figure-of-8 
is opened out to form first a spiral and then a waved trajectory, and that it strikes downwards and forwards during 
the down-stroke, the wings pulling and not pushitig the bird as Leonardo and all those who followed him believed. 



INDEX 



INDEX 



The page numbers in bold type refer to Wusf rations 



Abdoiten, cavity of human. 283 

muscles of, 285 

skeleton of human, 284 

Abeorotion causing currents, 466 
Aba Simbel, temple of, 1836 
Acacia famesiana, leaves of, 70, 589 
Acacia laxa, pollen of, 164 
Acanthocystis, 338 

Acanthodium spicatum. hair from seed 

of, 665 
Acanthus mollis, pith of, 433 
Acavus phcenix, 28 
Acer peeudoplatanus. 67 

seed of, 419 

Acineta stellata, 179 

vorticelloides, 179 

Acinetopsis rara, 179 
Acipenser sturio, fin of, 62 

tail of. 78, 1171 

Actinia, 100 

Actinomonas pusilla, 165 
Actinomycosis from human liver, 307 
Actinosphae»rium, reticular nucleus of, 155 
Actinothyrium ^aminis, 6 
Actinotricha saltans, 179 

Addax nasomaculatus, horns of, 30, 32 

Adjutant, walking of, 1120 

iEschines, bust of, 1344 

Afferent nerx^'es, 835 

African elephant, tusks and trunk of, 30 

Agaricus melleus, 130 

Agnostic school, so-called, 1329 

Ailanthus glandulosa, section of wood of, 

144 
Air, progression in, 1199 
Air-breathers, 342 
Air-sacs of birds, 494, 1205 
Aitken, Mr. A. M., reference to Skye 

terrier, 995 
Akebia quinata, shoot of, 627 
Albatross, saiUng flight of, 1268 

wing of, 82, 1242 

Alchemilla vulgaris, flower of, 44 
Aldrovanda vesiculosa, whorl of leaves 

of, 44. 589, 597 
Alexander the Great, bust of. 1344 
Alimentary ccmal. 878 
Alisma Plantago, pollen of, 163 
Allantois, 397 
Alligator, brain of, 405 
Allium Schoenoprasum, section of scape 

of, 144 
Alopecias vulpes, 939. 1171 
AlstrcBmeria, spiral leaves of, 44 
Alteutha depressa, 8 
Alucita hexadactyla, wings of, 1217 
Amaurochsete atra, 301 
Amazilia fuscocau<iata, 421 
Amble of the horse, 1 13(S. 1143 
American devil-fish, hulhus arteriosus of, 

428 
Amia calva, 342 
AmmodiscuH oluiroidrs. 29 

tenuis. 28 

Ammonites bifrons. 636 

VOL. UI. 



Amnion, 390, 397 
Amoeba, 316 
diffluens, 307 



- movements of, 458 

- proteus, 155, 310, 333 



Amphiloptus gigas, 176 
Amphioxus lanceolatus, 401, 404 
Amphiuma, 101 

tridactylum, 73 

Amphora ovalis, 8 
Anabas scandens, 342, 1 100 
Ananassa sativa, fruit of, 664 
Ananchytes o vat us, 64 

Anatomical Museum, Edinburgh Univer- 
sity, dissections presented to, 1307, 1370 

Anatomical preparation-making, 1303 

preparations at the College of 

Surgeons, 1381 

Anatomy of caaing whale, 1176 

of porpoise, 1176 

of white-beakedf bottle-nose whale, 

1176 

Ancestry of man, not simian, 1004 
Anchitherium, 210, 216 
Anemone japonica, roots of, 451 
Angioblasts, 409 

Angiopteris, spermatozoid of, 159 
Angora goat, horns of, 30 
Anguillula tritici, 8 
Animals, extinct, 1296 

improvable, 233 

respiration in, 430 

spiral arrangements in, 045 

subject to disease, 230 

vessels of, 435 

Anophrjrs sarcophaga, 176 
Anoplophrya filum, 175 

prolifera, 175 

Anoplotherium, 200 

Ant, brain of, 900 

Antedon bifida, pentacrinoid lar\'a of, 

56, 310 
Antelope, horns of, 33 

addax, horns of, 30. 32 

Antennularia antennina, 312 
Anthophysa socialis, 171 

vegetans, 171 

Anthrax hacilU, 307 
Anthropoid apes, 1008 
Antilope cervicapra, horns of, 30 
Antique heads, 1344 
Antiquity of man, 1331 

from geological standpoint, 

1,350 
Ant-lion, 893 
Ants and aphides. 903 

and colour. 901 

Avebiu-y (Lord) on, 901 

building operations of, ?K)4 

co-operation of, 1K)H 

int4»lligence of. 900 

mec>hanical skill of, 905 

military, 907 

possession of memory, 901 

resource of, 900 

stmse of smell. fK)l 

uenne organs of. 901 
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Ants, slave-making. 904 

tenderness for young. 902 

Aorta of bird, 493 

ring surroimding the, 505 

Ape, foot of anthropomorphous, 756 

Apes, antliropoid. 1008 

Apis niellifica, honeycomb of, 923, 926 

Aplysia, 132. 134 

Aplysilla sulfurca. 169 

ApocxTium venetum, pollen of, 163 

Appendix venniformis, 400 

Aptonodytes longirostris, swimming and 

diving! 1186 

minor. 84, 419. 1149 

Aquila chrysiictos, skeleton of, 76 
Arab horse, 989 
Arachnidium glol>osum, 173 
Arachnodiscus ehrcnlxjrgii, 41 
.Xraucaria excelsa, summit branches of, 

44 
Arbacia, aboral surface, 41 
Archa»opteryx, 207 

sieniensi, restoration of, 212, 1307 

Archimedes wortheni, axis of, 33 

Ardea cinerc a, flight of. 86 

Argyll, Duke of, on evolution, 093 

Argyroneta aquaticcu 898 

Aristotle, bust of, 1344 

Arm, bones of humtm, 76 

muscles of luunan, 1044, 1046, 1046, 

1047 
Arterial bulb of finh, 474 

or semilunar valves, 552 

sj'stem in mammal, 406 

Arteries, coats of, 505 

structun* of. 318. 504 

Artificial stimulation and reflex action, 

880 
Arvicola arx'alis. spermatozoon of, 26, 892 
Ascaris egg, 157 

megalocephala, 370. 384 

ovum of, 382 

Ascetta primordialis, 168, 170 
Ascidian lar\'a, 402 

section of, 67 

Ascidians, circulation in compound, 401 

Ash- tree, seed of, 419 

Aspari^i^ plumosus, spiral stems of, 28 

AspergilhiB glaucus, 30 « 

Asplenium septentrionale, spermatozoid 

of, 665 
Astacus fluviatilis, 67, 307 

spermatozoon of, 26 

Asterolampra marylandica, 8 
Asthmatos ciliaris, 173 
Astrape, 123 

Astronyx loveni, limbs of. 34 

Athlete, head of a victorious. 1342 

Atlantosaurus, 1317 

Atmospheric pressure, efTect of, on limbs, 

1094 
Atom, 184 

divisible, 12 

Atoms, fundamental, 93 

under giii<lance, 1 

Atraetonema teres, 172 
At traction -spheres, 370 

2t 
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Auditory apparatus, 842 
human, 761 



nerve, 761 
ossicles, 761 



Aurelia aurita, 44, 1151 
Alleles, arrangement of muscular fibres 
of, 506 

of human heart, 885 

of mammalian heart, 606 

Auriculo-ventricular valve of bird, 658 

of crocodile, 557 

of devil-fish, 557 

of frog-fish, 567 

of gray shark, 557 

of serpent (Python), 557 

of sturgeon, 557 

of sun fish, 557 

of tortoise, 557 

Australian becur, embryo of, 402 
Avebury, Lord, on development of 

Chloen, 687 

on ants, 901 

Averrhoa Carambola, 588 
Axis, ascending, 430 

descending, 480 

Axoloti, 343 

heart and vessels of, 476 

Aztecs, 783 



B 

Babirusa aJfurus, spiral teeth of, 33 
Baboon, revenge of, 1006 
Bacilli, anthrax, 307 

diphtheria. 307 

glanders, 307 

tetanus, 307 

tubercle, 307 

typhoid, 307 

Bacteria, 5 

in disease, 306 

Bacterium venniforme, 20 
Badger, spermatozoon of, 159 
Badhamia utricularis, 130, 301, 302, 303, 

316 
Baildon, Dr. Henry Bellj'so, on Nature, 370 
Balfour, Mr. Arthur J., on Theory of 

Matter, 186 
Balloon, Montgolfior, 1206 
Barramunda, 343 

Basking shark, bulbus euteriosus of, 555 
Bastian, Dr. H. C, on spontaneous 

generation, 719 
Bat, 84 

embryo of, 395 

shoulder- joint in, 1261 

wings of, 80, 82, 419, 1290 

Bathya^tis symmetrica, 9 
Bathybius, 229. 698 
Batrachia. circulation in, 475 
Batra^hians, intelligence of. 939 
Batra^hospermum moniliforme, 6 
Battery, galvanic. 862 

Beale, Prof. Lionel S., on bioplasm, 96 

on bioplasts, 792 

Bear, in captivity, 976 

intelligence of, 975 

muscular fibres of stomach of, 529 

whit^, 976 

Boaver. 1147 

a<*hievenients of, 971 

canals. 072 

oxcrciiw^s reason. 975 

Dr. (Jeor^c* J. Homanos on instinct 

of, 974 
Hoc(juerel, M. Henri, on uranium. 349 
!^«H\ cardini?. IKJl 

carpenter. 930 

cells of domestic, 910 

lionevcomh of. 923, 925 

lni!n)>le, 030 

— mason, 930 
queen, 014. 020 



Bees, coloiu* sense of, 911 

enraged, 931 

intelligence of, 917 

representations of, in Cairo Museum, 

933 

sense of direction. 911 

of hearing, 911 

of smell, 911 

swarming. 920 

tapestry, 931 

Beetle, 100 

wings of, 1217 

Belemnoteuthis antiqua, 78 
Bellis perennis, pollen o^. 163 

tissue of anther of, 163 

Beneden, E. v., on pronuclei in Asoaris, 

384 
Bennett, Prof. J. Hughes, on spontaneous 

generation, 719 
Be van Lewis, Mr., freezing method, 798 
Bible appeals to all natures, 1329 
Biceps and triceps, muscular cycle formed 

by, 1095 
Bicuspid valve, 559, 564 

theories of action of, 562 

Biddulphia aurita, 8 

Bignonia, spiral stem of, 23, 613 

tweediana, 609 

Biophytum sensitixoun, 588 
Bird, aorta of, 493 

articular surfaces of wing, 1266 

auriculo-ventricidar valve of, 558 

curves made by wing of, 1079 

development of, 390 

elbow-joint of wing of, 1256, 1257 

life at Cologne Cathedral, 956 

at Seville Cathedral, 956 

nesting, pleasure of, 950 

of par£^se. tail feathers of, 33 

osseous system of. 1253 

track by wing in flight of, 86 

valves in heart of, 493 

wing of, flexed by action of elftstic 

ligaments, 1251 

wrist-joint of wing of, 1257 



Birds, air-sacs in, 494, 1205 

circulation in, 494 

extinct, 1304 

intelligence of. 942 

lifting capacity of, 1288 

locomotion of, 1117 

migration of. 415 

mode of ascending, descending, and 

turning, 1289 

nests of, 960 

nidification of, 950 

of flight divided into four kinds, 1267 

orders of, 1117 

pride of, 947 

respiration in. 494 

reproductive process in, 374, 386 

rivalry of, 947 

rob efitch other, 943 

shoulder- joint in, 1251, 1256 

striking telegraph wires. 955 

submit to operations, 955 

wingless, 1253 

Blackbird, spennatozoon of, 26 

Black buck, honis of, 30 

Bladder, muscular fibres in. 519, 520. 521, 

522 
Blastoderm, 388 
Bhvstodermic m<Mn))rane. 388 
Bleedin«j: of tree. 431 
Blennins, pignnMit-cell of, 155 
Blood corpuscles, development of, 400 

t4'mp(^ratm>> of. 402 

vessels, branching caj>illary. 60 

in the lobpter. 471 

- - \vavi»-moverniMit of. 407 
Bluebottle flv. winps of. 1217 
Blushing', 780 

Bombyx, catiTpillar of, 802 
Bone, (levelopnwnt t)f, 410 



Bone, structure of psurietal, of embryo 
sheep, 8 

of foetus, 8 

Bone trabecubs, osteoblastic layer, 60 
Bones, limbs of man, 38. 1027 

of higher animals, 1093 

of human hand. 1048 

foot, 1057 

pelvis. 1035 

thorax, 1034. 1085 

Bony pike of Nile, 1106 

Borelli, on the swimming of the fish, 1161 

1163 
Bos scoticus. 84 

taurus, skeleton of leg of. 215 

Botrytis, 141 

Bottle-nose whale, white-beaked, ana* 

tomy of. 1176 
Brachiopoda, circulation in, 472 
Brachycladium penicillatum, 5 
Brain and muscle, relations between, 801 
Brcdn, the, 777 
blood supply to. 501 

cx)ral, 70, 102 

development of, 892 

external convolutions of, 70 

human, 750 

in man, 1003 

mesial section of human, 44 

of alligator, 405 

of cod-fish, 134, 405 

of hammer-headed shark, 134 

of human embryo, 897 

of Macacus, 752 

of pig. 746 

of rabbit. 134, 405 

of shark, 405 

organ of mind, 767 

seat of intellectual functions, 800 

volume of, and intellectual capacity, 

936 
Brainlets, 889 

Branches, spiral distribution of, 666 
Breathing in fish, 427 
Brontops robustus, 1324 
Brontosaurus, 1317 
Brownian movements, 458 
Bryonia dioica, tendril of, 614. 627 
Bryophyllum calycinum, flower of. 44 
Buettneria salici folia, flower of, 44 
Buffalo, extinction of. 970 

intelligence of, 970 

Buff on, origin of species, 682 
Bulbus art«>riosii8, 473 

of basking shark, 555 

of CephaIopt4>nis gioma, 666 

of frog-fish, 556 

of gray shark, 557 

of Lepidosteus, 555 

of skate, 666 

of sturgeon, 555 

of sun-fish, 656 

Bull, Chillingham, 84 

worshipped by Egyptians, 986 

Bunias, seed of, 21 

Biurko, Mr. J. Butler, on spontaneous gene 

ration, 721 
Butterwort, 596 
By bits gigtuitea, 699 
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Caaing whale, anatomy of. 1176 

RwimminR of. 1174, 1176 

Cabl)age butt*>rfly. 147 

caterpillar, web of. 892 

Caclialot whale, tooth of, 9 
C'adzow. wliite aboriginal cattle at, 970 
Ca\salpinu8, on pulmonic circulation, 429 
Cairo Museum, 1335 
Ca I carina defrancii, 28 
Calf, ganglion coll (»f. 746 
structure of ventricle of. 513 
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Callodictyon triciliatuin, 172 
Caiiipophylluni flexuosuiu, 65 
Ccuiter of the horse, 1142 
Canthocamptus minutus, 8 
Capillaries, circulation in, 468 

maternal and fodtaX, 487 

structure of, 503 

Capillary vessels, 502 
Capra falconeri, horns of, 30 

hircus, horns of, 30 

Carchcurodon megalodon, 1297 
tooth of, 1300 

rondeletii, the jaws of, 1300 



C£irchesiuni epistylidis, 174 

polypinum, 174 

Cardiac nerves, 571, 572 
Ccurding bee, 931 
Carpenter bee, 930 
Carpenter, Dr., on (iromia, 337 
Carrier pigeons, 950 

Cassia coryinbosa, leaves of, 589 
Castcuiea vesca, spiral stem of, 839, 667 
Castor fiber, 1147 
Cat, affection for youns, 992 

embryo of, 895, 402 

intelligence of, 991 

muscular fibres of stomekch of, 529 

ovum of, 382 

symmetry and movements of, 992 

Caterpillsur, progression of, 1113 
Cattle, excited by music, 986 

inquisitiveness of, 986 

perturbation in herd by bleeding 

operation, 986 

wliite, at Cadzow, 970 



Cebus fatuellus unusually intelligent, 1007 
CeU, 140, 144, 150, 153, 155 

contents, gyration of, 441 

diagram, 155 

from intestine of worm, 8 

vegetable, 436 

waU, 437 

Centipede, nervous system of, 132, 134, 

413 
Cephalaria leucantha, 141 
Cephalic nerves. 750 
Cephalopoda, intelligence of, 894 
Cephalopterus diabolus, bulbus arteriosus 

of, 428 

gioma, bulbus arteriosus of, 556 

Cephedothamnium cuneatum, 170 
Ceratiomyxa mucida, 303 
Ceratium, 312 

divergens, 175 

tripos, 173 

Ceratodus, gills of, 274, 402 
fore-lirab of, 62 

forsteri, 342 

miolepis, 342 

Ceratosaurus nasicomis, 1311 
Cercomonas crassicauda, 6 

t3rpica, 170 

Cerebellar lamina of kitten, 746 
Cerebellum, 779 

leaflet of. 746 

Cerebral convolution, section of, 746 

cortex, 746 

hemisphere, human, 752, 779 

Cerebro-spinal axis, formation of, 397 

system, 746, 750 

Cereus speciosus, tissue of anther of, 163 

Ceropegia gardneri, 615 

Certnia familiaris, spermatic cyst of, 26,392 

Cervus elaphus, skeleton of, 78 

Cetaoea, circulation in, 495 

Ceteosaunis, 1317 

Cetocholus septentrionalis, 8 

Chabrier, I., on mechanical theory of 

action of insect's wing, 1229 
Chaldees, antiquity of, 1339 
Chamois at Pontresina, 988 
Chara elastica, 20 

frazils, spermatozoid of, 164 

hehcteriB, 20 



Chara, intrci-oellular circulation in, 70, 
438 

lemani, 20 

medicaginula, 20 

Cheiranthus Cheiri, tissue of anther of, 

163 
Chelone imbricates, 1159 
Chest movements, 289 
Chick, division of blood-cells in, 155 

heart of, 470 

Chilostomella ovoidec^ 29 
ChimsBra monstrosa, 401 
Chimpanzee, 1008 

muscular fibres of stomach of, 530 

semi-human conduct of, 1006 

— - skull of, 783, 1356 
Chironomus, spirem-nucleus of, 157 
Chlamydomonas, rhythmic contractions 

of, 443 
Chlorococcum vulgare, 307 
Choenia teres, 176 
Chondropterygia, 401 
Chorion, 390, 397 

compound villosity of, 486 

shaggy. 486 

Chromatin, 384 
Chromosomes, 376, 384, 385 
Chrysanthemum, flower of, 21 
Cicada septemdecim, 421 

wings of, 1217 

Cicero, bust of, 1844 

Cichorium Intybus, pollen of, 164 

Cilia, form of, 465 

function of, 465 

movements of, 347, 461 

Ciliary currents, 460 

Circulation, defiinition of term, 429 

double, 477 

foetal, 406, 408, 477 

history of discovery of, 428 

in birds, 494 

influenced by swaying of plants. 
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in Lacerta ocellata, 477 
in metals, 459 
in plants, 430 

forces which produce, 444 

in relation to digestion, 465 

in the Batra.chia, 475 

in the Brachiopoda, 472 

in the capillaries, 467 

in the Cetacea, 495 

in the cuttle-fish, 472 

in the fish, 473 

in the frog, 475 

in the Gastropoda, 472 

in the head, 501 

in the human foetus, 479 

in the human placenta, 479 

in the insect, 469 

in the liver, 501 

in the lobster, 47 1 

in the mesentery of the frog, 467 

in the reptile, 427 

in the star-fish, 469 

intracellular, 447 

arrest of, 440 

experiments to demonstrate, 



440 

in Chara, 438 

in plants, 438 

in Tubularia indivisa, 438 

mechemism of, 426 

of nutritive fluids and gases, 426 

placentcU, 406 

pulmonic, 426 

quickening of, 467, 468 

slowing of, 467, 468 

systemic, 426 

undefined forces of, 466 

Circulatory system of foetus, 395 
Circum vallate papilla of cedf, 758 
Cladonema laxum, 171 
radiatum, 373 



Clarke, Mr. Lockhart, method of section 
cutting, 798 

Clarke, Mr. William Eagle, on the migra- 
tion of birds, 416 

Clavicle, human, 38 

Clematis calycina, 610 

Flammula, 611 

glandulosa, 610 

microphylla, var. leptophylla, 610 

montana, leaf -stalks forming spirals, 
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sensitive leaf -stalks of, 610 



Clepsine, nepliridian cell of, 157 

Climate of Great Britain, 363 

CUmbing perch, 342, 1106 

Climbing plants, 606 

Cloth moth, spiral proboscis of, 32 

Clouston, Dr. Thomas S., on methods for 

microscopic preparations, 798 
Clupea harengiis, tail of, 80 
Clydesdale horse, 1132 
Cobaea scandons, hairs from seeds of, 6 
Cobra, ejection of saliva by, 940 
Coccolitlis, 229 
Cocconenia lanceulatum, 8 
Cochlea, 845 

Cochlear nerve, distribution of. 846 
Cockatoo, instantaneous photographs of 

flight of, 1266 
Cockroach, wings of, 1217 
Cod, brain of, 405 

Codispum, leaf forming spiral, 23, 612 
Codonella eampanella, 173 

galea, 173 

Codosiga allioides, 56, 166 
botrytis, 56, 58 

cymosa, 58 

furcata, 166 

grossularia, 56 

Coelenterata, voluntary movements in, 891 
Coelocoras (Ammonites) communis, 28 
Coleocliaite scutata, 6 
Coleps fusus, 176 

hirtus, 176 

Collie dog, treacherous to strangers, 994 

Collomia grandiflora, heur from seed of, 
665 

Cologne Cathedral, bird life of, 956 

Colpoda parvifrons, 179 

Coluber natrix, skeleton of, 1115 

Comatricha obtusata, 301 

Comatula, 43, 100 

Comparative anatomy fails to establish a 
rational doctrine of evolution, 1015 

Compass, 113 

Compsognathus, 208 

Cone, spirals in, 23 

Cones of Pinus maritima, 25 

Conferva floccosa, 5 

Consciousness, 811 

Controversy with mathematicians re- 
garding flight, 1077 

Convolvulus arvensis, stem forming spiral, 
23, 612 

Coprolitee, 1300 

Coralline limestones, 62 

Corallium nibrum, 44 

Comuspira oarinata, 29 

Corpora amylacea, 6 

striata, 779 

Corpuscles of Purkinje, 743 

touch, 755 

Cortex cerebelli, 748 

Corti, intra-cellular circulation, 438 
Cortian rods, 846, 870 
Coryanthes, fertilisation of, 370 
Corydalis claviculata, 607 
Cosmarium pyramidatum, 8 
Cosmic changes, e£Fect of, 246 
Cothumia cohnil, 174 
patula, 174 

pupa, 174 

Cotton plcuit, hair from seed of, 665 
Cotyledon of cow's uterus, 480 
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Cough trie, Prof., Aerial Locomotion — 

Pettigrew versus Marey. 1385 
Crab, muscular fibres of, 67, 828 
Crane, elastic ligaments in wings of, 1252 
Crane-fly, euiatomy of wing of, 1285 

flight of, 1231, 1285 

Cranial nerves, 752 
Crayfish, 67 

blood-corpuscles of, 307 

spermatozoon of, 26 

Creation, a progressive work, 1023 

of typ-s, 1023 

order of, 92 

scriptiu'al fitccount of, 221, 235 

Creations, primary and secondary, 1024 
Creeper, spermatic cyst of, 26 

Crested crane, dissections of wing of, 

1246 
Cretaceous vegetation, 1802 
Crioceras emerici, 88 
Cristellaria calcar, 28 

orbicularis, 28 

variabilis, 29 

vortex, 28 

Crocodile, auriculo-ventricular valve of, 

557 
Crookes, Sir William, on properties of 

matter, 183 

on radio-active elements, 349 

Croonian Lecture of Royal Society of 

London, 1368 
Croton. See Codiaeum 
Crow, breaking shell of shell-fish, 943 
Crows, robbing each other, 949 
Crystalline lens, human, 6 
Crystals, formation of, 2 

ammonium chloride, 4 

bilifulvine. 4 

carbonate of calcium, 4, 7 

chlorate of ammonia, 4 

chloride of copper, 4 

cystic oxide, 8 

gypsum, 4 

hippuric acid, 8 

hoar-frost, 52 

margarine, 4 

narcotine, 4 

nitrate of barium, 4 

oxalate of calcium, 4 

permanganate of potassium, 4 

phosphate of calcium, 4 

snow, 2, 43 

stearine, 4 

strontianite, 4 

sugar of milk, 4 

sulphate of calcium. 4 

sulphocyanato of brucine, 4 

sulphiu*, 5 

iu*ate of calcium, 4 

of ammonium, 4 

of magnesium, 4 

of H<idium, 4 

uric acid, 8, 4 

Cuckoo laying in alien nest, 953 

parasitic habit of, 952, 953 

Cucumber, tendrils of, 625 
Cuciu-bita Pepo, pollen of, 164 

tendrils of, 618, 614, 626, 689 

Curie. Mine., radium derived from pitch- 
blende, 350 
Currents, ciliary, 460 
Curves, cophalic and (*au<lal in the swiin- 

mins? fisli, 1078, 1163 
in flight of blow-fly, 86 

mmie ))y adjutant walking, 88 

by bird in swimming, 86 

by female walking, 86, 657 

by human limbs in walking, 655 

l)y men walking, 86 

by ostricli nmninj;, 88. 1088 

by serpent crawling, 86 

by stur^roon swimming, 86 

by trotting horse, 86 

by wing of bird. 88, 1079 



Curves made by wing of vulture, 88 

by wing of wasp, 88 

Cuttlefish, 67 

circulation in, 472 

heart and vessels of, 472 

Cyathina bowerbankii, 65 
Cyathocrinus caryocrinoides, 64 

planus, 60, 65 

Cyclamen, aestivation of, 21 
Cyclanunina orbicularis, 29 
Cyclidium citrellus, 176 

glaucoma, 176 

Cyclobatis, 123 
Cyclops quadricomis, 8 

strenuus, germinal vesicle of, 159 

Cyclostomata, 401 

Cyclostrema, operculum of, 686 

Cyclotella operculata, 8 

Cydippe plumosa, 810 

Cygnus musicus, skeleton of wing of, 215, 

218, 1066 
Cypripedium, flower of, 28 
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Dace, scale of, 8 
Daisy, tissue of anther of, 168 
Damoxenus, statue of, 1845 
Dante, portrait of, 1844 
Darwin, Charles, on aggregration of oell- 
contents in Drosera, 314 

on cUmbing plants, 609 

on natural selection, 182, 202, 
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— on origin of species, 682, 689 
on tendrils, 675 

Erasmus, origin of species, 682 

Prof. G. H., new theory of matter, 

184 

Darwinism, Prof. Ernst Haeckel on, 707 

Date palm, stem spirals of, 26 

Dawson, Sir J. William, extinct plants 
and animals, 1299 

Dayia navicula, 29 

De CandoUe, P., experiments with sensi- 
tive plants, 591 

Decidua, human, 481 

Deer, embryo of, 402 

foot of, 80 

left ventricle of, 509 

skeleton of, 78 

structure of ventricle of, 512, 518 

ventricles of, 510 

De Lucv, M., wing area and size of volant 

animal, 1212 
Deluge to be regarded as allegorical, 1329 
Dendromonas virgaria, 171 
Dendrons, 794 
Dermis, 836 

Descartes, theory of vortices, 1 
Descent, 724 
Desfontaines, sensitive plant accustomed 

to stimuli, 593 
Design, argument for, 820 et aeq. 

displayed in muscular system, 1067 

division of labour in relation to, 353 

exemplified in civilised man, 1024 

in reproduction and growth of 

animals, 371 

of plants, 367 

a prominent fturtor in nature, 359 

Designer necessary to l^niverse, 347 
Desmarella moniliformis. 166 
Desmodiuin gvrans. rhvthmic movement 

in, 249, 59 r 
Deutzia scahra. hairs of, 6 
Dovolopmont of bird, 390 
of blood-corpuscles, 409 

of bone. 410 

of brain. 892 

of fisli. 390 

of fro^', 402 

of human licart. 406 



Development of human embryo, 390, 385 

of limgs, 414 

of mammal, 890 

Dev41-fish, auriculo-ventricular valve of, 

557 
Devil's corkscrews, 642, 668 
Devonian vegetation, 1802 
Diaphragm, human, 281, 1042 
Diceras arietina, 29 
Dicotyledon, ascending system in, 430 

descending system in, 430 

section of shoot of, 6 

Didinium nasutum, 173 
Didymifiuseae, 303 
Didymium diffomie, 801 

farinaceum, 170 

Dimetrodon, 1811 
Dimorphodon macronyx, 1110 
Dinenympha gracilis, 176 
Dinomis giganteus, 218 

maximus, skeleton of, 1807 

Dinosaurs, 1305 et aeq, 

features in common, 1314 

Diomedea exulans, wing of, 82, 1242 
Dionaja muscipula, ?£ 128, 252, 589, 

786 
Diphasia tewnsurisca, 56 
Diphtheria bacilli, 807 
Diphyllodes wilsoni, t€ul feathers of, 88 
Dipladenia, 609 
Diplodocus camegii. 966, 1317 
Diprotodon. skull of, 1822 
Discobolus, statue of, 1345 
DiscoUths, 229 
Discopyge, 123 
Discorbina biconcava, 28 

eximia, 28 

Diseases, parasitic forms in, 306 
Dissection of bladder, stomach and uterus, 

method of, 1376 

by hot water method. 1368, 1373, 

1378 

Dissections of heart presented to Ana- 
tomical Museum, Edinburgh Univer- 
sity. 1367, 1370 

Distribution of seeds, 417 

Diver, flight of, 1272 

measurements of body and wings 

of, 1209 

wing of. 1242 

Dog, gallop of. 1146 

intelligence of, 994 

muscular fibres of stomach of, 580 

Dogs, dissimulation of, 995 

Egyptian, resemble wolf, 978 

fidelity of, 994 

jealousy of, 994 

po£u;hers, 995 

Dog-fush, egg-purse of, 83 

tail of, 82 

Dolomedes fimbriatus. 898 
Doryphora amphiceros, 8 
Dracaena, structure of stem of. 481 
Dragon-fiy, flight of. 1215, 1217 
wings of, 1215 

Dromrous novae hoUandiae, 218 
Dromia, spermatozoon o*". 159 
Drosera rotundifolia, 127, 314, 589, 601, 

785 
DrosophvUum lusitanicum. le«J of. 70, 

589, 598 
Drum of ear, 848 
Duck, flight of, 1270 

killed at Eddvstone Lighthouae, 

1 205 

ovarian egg of, 157 

Duck mole, foot of, 80 
D\ickweed, 485 
Ductus art-eriosus, 477 
Dugong. 1177 
'- heart of, 495 

skeleton of, 76 

Dumas, on chemistry, 98 
Duncan, Dr. John, 1150 



INDEX 



1405 



Duodedum, human, 827 
Dytiscus, ovarian egg of, 159 



E 



Esur, anatomy of internal, 761 
of the human, 870 

cochlea of human, 88 

drum of, 848 

' labyrinth of human, 88 

mecheuiism of the human, 870 

Earthworm, creeping of, 541 

dissection of, 67 

intelligence of, 891 

spermatozoa of, 465 

Ebuma spirata, 28 
Ecculiomphalus distans, 88 
Echidna, embryo of, 402 
Echinoderm, fertilisation of 

70 

ovum of, 888 

Echinus, spine of, 89 
Eciton legionis, 907 

Edinburgh University, medical school, 
1363 

Edward, Thomas, reasoning power in turn- 
stone, 943 

terns succouring wounded com- 
panion, 944 

Efferent nerves, 835 
Egg of fowl, 886, 887 
Egypt, early history of, 1331 
Egyptian art, example of, 1887 

drawings, 246 

history antagt)nistic to theory of 

evolution, 1333 

Mr. S. Laing on arts at dawn 



ovum of. 



of, 1334 
Eland, horns of, 88 
Elasticity of vessels, use of, 468 
Elastic ligaments in wings of swan, crane, 

and snipe, 1252 

wing flexed by action of, 1251 



tissues, 328 



Electric eel, 123, 124 
Electricity, 104, 105. 115, 119 
Electric light. 120 

spark, 47, 60. 62, 102 

sheath-fish, 123 

Electrons, 238 
Elements, chemical, 194 
Elephant, abnormal tusk of, 668 
attack of toothache, 1002 

intelligence of, 998 

locomotion of. 1146 

sacrificing mahout, 1001 

spiral tusk of, 668 

Elephant seal, hind extremities of, 78 

hind flippers of, 1171 

Elephas africanus, tusks and trunk of, 
80 

indicus, spirality in bones of, 84 

primi^nius, 80, 1824 

Elytra, their shape and uses, 1220 
Embryo, development of human, 78, 390, 
896 

of Australian bear, 402 

of bat, 896 

— — of cat, 896, 402 
-: of deer, 402 

of echidna. 402 

of fowl, 404 

of kaola, 402 

of man, 896. 402 

of monkey, 402 

of pig, 402 

of rabbit, 402 

of sheep, 896 

of tortoise, 402 

Embryology fails to establish a rational 

doctrine of evolution, 1015 
Embryonic membranes, development of, 

388 



Emu, 216, 218 
Emys picta, 1158, 1162 
Encephalon, 777 
Endosmometer, 432 
Endosmose, a pushing force, 466 
Energy, conservation of, 95 
Engis skull, 1011 
Enoploteuthis leptura, 78 
Environment, 94. 222, 226, 241 

a factor in the progress of man, 1328 

Eozoon canadense, 232 

Epiblast, 388 

Epiclintes radiosa, 178 

Epidermis, 836, 838 

Epilobium montanum, pollen of, 168 

Epimedium alpinum, flower of, 44 

Epiphytes, roots of, 451 

Epithelium, pavement, 7 

Equus caballus, skeleton of fore-limb of, 

216, 216 
Ercolani, on utricular glands, 490 
Erect position in man, 1037, 1060 
a drawback to speed, 

1122 
Eretmochelys imbricata, 84 
Erica multifiora, pollen of, 168 
Erythroblasts, 410 
Eaox lucius, scale of, 8 
Ether, in water, 12 

universal presence of, 185, 186 

Ethusa, spermatozoon of, 159 
Euastrum oblongum, 8 

verrucosum, 8 

Euchitonia Virchowii, 166 
Eudendrium ramosum, 48, 56 
Euglena oxyuris, 172 

spirogyra, 172 

Eunomia radiata, 62 
Euomphalus pentangulatus, 83 
Euphorbia neriifolia, absorbent organ 

from leaf of, 486 
Euplectella aspergillum, 70, 102 
Euplotes charon, 178 

patella, 178 

Eupodiscus sculptus, 8 
Evaporation, a pulling force, 466 

causing currents, 466 

Evolution, as a factor in creation, un- 
proved, 1297 

Egyptian history cmtagonistic to 

theory of, 1333 

factors left out of sight by advocacy 

of, 1015 

of man, 1014 

theory, 92, 151, 203, 360, 987, 1026, 



1350 

Exoccetus robustus, 84 
Experiment with cardboard in express 

train, 1118 
Expiration, forced, 296 
Expiratory muscles, in calm breathing, 

296 
Expression of face, 802 

of form, 803 

Extinct mammals, 1322 

plants and animals, 1296 

table of, 1298 

Extremities, angles of bones of, in rela- 
tion to speed, 1114, 1122 

in land animals, movements of, 1114 

Eyeball, muscles of, 764, 887, 1031 

Eye. evolution of, 816 
hmnan, 764 

pigment cells of, 8 

retina of human, 67 

structure of, 847 

Eyes of marine animals, 848 



F 



Fabricius, valves of the veins, 429 

Falconry, 949 

Falco tinnunculus, wing of, 419 



Fallopian tube, 377, 379 

Fallopius, ductus arteriosus, 429 

Fantail, persistence of pet, 956 

Faraday, 12, 105, 118 

Farre, Dr. Arthur, decidua reflexa, 484 

Fasciolaria tulipa, 80 

Favosites cervicomis, 62 

gothlandica, 64 

Feather star, rosy, 56, 310 

Feathers, valvular a<'tion of primary and 

secondary, 1242 
Feet of land animals, small, 1 101 
Femoral vein, human, 516 
Femur, human, 9 
Ferguson, Prof. John, 194 
Fern, spiral fronds of, 21 
Ferreting, 967 
Ferret, intelligence of, 982 

killing rats, 982 

muzzled, 982 

Fertilisation of ovum, 379 

Fibre, continuous eleraentury, 1096 
Fihro-vasciilar bundle of Phopnix dacty- 

lifera, 435 
Ficus >)arbata, a root-climber, 609 

repon.s, a root-climber, 609 

Field-mouse, spennatozoon of, 26 
Fifeshire foxhounds, run with, 981 
Figure-of-8 action of the wing, 1080 
curves by horse walking, 658 

by wings of insect, 655 

made by man walking, 655, 

1088 

movements of the limbs, 1087 

priority of discovery of, 1085 

trajectories formed by walking and 

running, 1119 
trajectory made by wing of insect, 

1080 
FingaKs Cave, Staffa, 62 
First Cause necessary to life, 729 
Fir-tree, section of stom of, 89 
Fish, affection of, 937 

appreciate sounds, 937 

arterial bulb of, 474 

breathing in, 427 

cephalic and caudal curves in, 

1163 

curiosity of, 937 

development of, 890, 402 

heart of, 473 

intelligence of, 935 

migration of, 938 

muscular system of, 1098 

osseous and mus(?ular systems of, 

1171 

respiratory apparatus of the, 473 

strategy of, 938 

swimming of, 1078, 1168, 1166 

tail of, 80 

track of apex of heart of, 474 

wariness of, 937 

Fishes, electric, 122 

of dark caverns, 818 

scales of, 48 

traits of, 936 

Fishing frog. 938 
Fissurella nimbosa, shell of, 44 
Flea, pygidium of, 8 
Fleming, Prof. John. 1363 

crows and shell-fish, 943 

Flexure of wing, experiments with pigeon, 

1260 
Flight, aerial, 1199 
air-sacs in insects, birds, and bats, 

not necessary to, 1205 

artificial, possible, 1074 

a spiral, gliding movement, 1222 

blending of active and passive 

power, 1205 

experiment to demonstrate part 

playea by weight, 1204 

flapping or rowing and scaling or 

swimming, 1267 
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Flight, flexion and extension of the wing 
of bird in, 1259 

how bcdancing is produced in, 1206 

mode of investigation of, pursued 

by Author, 1228 

momentum a fetctor in, 1204 

natural, is vito-mechanical, 1075 

of bat, 84 

of bird, 86 

of blow-fly, 86 

of cockatoo, instant^mieous photo- 
graphs of, 1266 

of crane-fly, 1231, 1235 

of diver, 1272 

of duck, 1270 

of goose, 1270 

of grey gull, 1272 

of gull. Prof. E. J. Marey on, 1288 

of heron, 86, 1272 

of house-fly. 1230, 1235 

of owl, 1270 

of pigeon, 1270 

instantaneous photographs of, 

1266 
of sea-gull, 1275 

of swallow, 1270 

of swift, 1270 

of vulture, 1270 

sub-aquatic and aerial, 1190 

the body ascends wlien the wings 

descend, and vice verait, 1285 

trajectories formed by wings and 

body of bird in, 1084 

underwater, 1190 



weight necessary to, 

artiflcial. 



1203 
1074 



Flora, antique Famese, 1348 

Flying animal, heavier than the air, 1076 

Flying-fish, 84, 1167 

flight of, 1192 

kite-like action of wings of, 1 192 

pseudo-wing of, 80 

wing of, 1192 

Flying lemur, fljTng membrane of, 80 
Flying lizard, pseudo-wings of, 80 
Fa?tal circulation, 477 

heart, 479 

Foetus, a parasite, 485 

circulatory sj'stem of, 395, 406, 408 

development of, 1298 

development of humeui, 390, 895, 



398 



human, 405 
nutrition of, 487 



Foliate papilla of rabbit, 758 
Folliculina ampulla, 177 

boltoni, 176 

Foot, bones of human, 1057 

design manifested in, 1062 

human, 755 

muscles of human, 1058 

of anthropomorphous ape, 755 

of man adapted to receive pressure, 

1123 



and erect position, 1060 
used in painting, 1062 



Foramen ovale, 477 

Foraminifera, 336 

Force, in relation to life, 193 

lines of, 104, 106, 108, 110 

Fowl, embryo of, 402, 404 
ovary of, 386 

ovidii(;t of, 881 

Fox, ruse to catcli ducks by, 980 
shark, 78, 939, 1171 

white or Arctic, 981 

Foxhounds, run with Fifeshire, 981 
Fraxinus excelsior, seed of, 419 
Fren(?h bean, absorption of water 

446 
Fringilla elegans, spermatozoon of, 26 
Frog, circulation in tlic, 475 
dcv(»lopm<'nt of, 345, 402 

foot of, 80 



by. 



Frog, ganglion cell of, 26, 157 

heart and vessels of, 475 

lung of, 274 

reproductive process in, 374 

spennatozoon of, 26 

Frog-fish, auriculo-ventricular valvo of, 
567 

bulbus arteriosus of, 556 

Frost ** flower," 56 

Frullania dilatata, elater of, 164 

Fucus, spermatozoid of, 159 

vesiculosus, 141 

Fumaria officinalis, 607 
Fumitory, 607 

Funaria hy^ometrica, stomaia of, 6 

Fungia patellaris, 65 

Funkia cordata, young pollen sac of, 141 

ovata, development of pollen of, 141 

Fusus dupetit-thousarii, 30 



G 



Galon, ductus art<»rio8ua. 429 

foramen ovale, 428 

oscillation of the blood, 428 

Galeodes araneoides, 70, 100 

Galium aparine, 609 

Gallinago ccelestis, wing of, 214 

Gallop of the horse. 1136, 1140, 1141, 1142 

Ganglion cell, multipolar of ox, 136 

of calf, 136 

of frog, 155 

(!olls of Torpedo. 136 

bipolar, of pike, 136 

Gannet, flight of, 1280 

measurement and weight of. 1280 

movements of wing of, 1278 

wing of, 1242 

Geuinets, method of killing, 1205 

on Bass Rock, 942, 1279, 1280 

Garden-snail, heart of, 472 

vessels of. 471 

Gasterosteus spinachia, swimming of, 1 164 
Gastric gland, 483 
Gastropoda, circulation in, 472 

mouth of, 542 

Gastrula phase of larva of calcareous 

sponge, 402 
Gaudichaud, theory of wood formation, 

431 
Gazella grcuiti. horns of, 30 
Genesis, Book of, 1331 
Geological record, 231, 232, 363 
Geologic periods. 1299 

flora of, 1302 

Greophilus, ovarian egg of. 157 
Germinal vesicles. 159, 377. 382 
Giant* s Causeway, 62 
Gills of Ceratodus, 274 

of lobster, 471 

of menobranchus, 274, 402 

Giraffe, anterior extremities of, longer 

than posterior ones, 1114 

legs of opposite sides of, move 

together, 1114 

locomotion of, 1 1 44 



Glacial period. 1352 

Gland, gastric, 483 

Glanders bacilli, 307 

Glands, utricular, 483 

Globigerinae, 205 

Globigerina bulloiiios, 229. 310 

Globiocephalus melas. anatomy of, 1176 

Gloriosa siipcrba, leaf with tendril of, 23, 

006 
Glottis, 276, 867 
Goat, as member of herd, 988 

encoimter with slieep-dog, 088 

intelligence of, 087 

Goat's-beard, parachute of fruit of, 418 
Goby or walkinp-fish, 342, HOC, 1167 
CJoetlie, oriffin of species, 682 
Golden eagle, flight of, 1255 



Golden eagle, persecuted by crows, 942 

skeleton of, 76, 1254 

Goldfinch, spermatozoon of. 26 
Golgi, method of staining colls, 799 
Goliath beetle, wings of, 1215 
Groliathus micans, 82 

wing of, 1218 

Goinphonema acuminatum, 8 
Gonium pectorale, 6 

rhythmic contractions of. 443 

Gonococci, pus, 307 

Goodsir, Prof. John, 162, 1364 et seq. 

centres of nutrition, 144 

human skull and brain« 1022 

integument in man, 1021 

man a special creation, 1017 

organs of sense and speech in 

man, 1021 

origin of species, 692 

placental villi. 490 

structure of placenta, 478 

the erect position in man, 1020 

Goose, flight of, 1270 

Gorilla, 1008 

Gourd, hair of. 315 

Gowers, Sir W., nerve cells. 793 

Graafian follicle, 377 

Granite traversing gneiss. 60 

Grcmtia compressa, 167, 168, 170 

Grant^s gazelle, horns, 30 

Grav shark, auriculo-ventricular valve of, 

657 

bulbus arteriosus of, 567 

Great auk. wing of, 1190 

Grebe, foot of, 78 

Greek and Roman times, human race in. 

1342 
Greek heads, photograplis of ancient, 1350 
Greenland shark, tail of, 1171 
Gregarina, 312 
Grey gull, flight of, 1272 
measurements of body and 

wings of, 1209 

whig of, 1242 



Gris, A., movements of sap, 432 
Grizzly bear, 976 

Gromia terricola. 60, 807, 316, 336 
Grouse in confinement, 947 
Grove, Sir George, on molecular move- 
ment of matter, 314, 458 
Guillemot, diving, 1186 
Gull, flight of, 1288 
kite action of wing of, 1077 

spermatozoon of, 159 

Gulls follow the plough, 943 

Giinther, Dr. Albert C. L. G., on transition- 

8ury types, 401 

on Periophthalnius, 1106 

Gustatory bulbs, 758 

cells. 758 

Gymnarchus, 123 
Gymnodinium lachmanni, 175 

marinum. 175 

Gymnogramma, spermatozoids of, 164 
Gymnotus electricus, 123 
Gyration, intra-oellular. 447 
Gyrocerus ammonis. 6 

Gyrocoris oxyura, 173 
Gyrosigma angulatum, 8 

littorale, 8 

strigile, 8 



— traiisversale, 8 



H 



Habit, 81? 

Haeckel, Prof. Ernst, ancestry of man, 
1010, 1015 

Darwinian theory, 699 

no trace of design in evolution, 



201 



— potency of matter, 196 
protoplasm, 95 
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Haeckel, Prof. Em<?t, psychic phenomena, 
351 

spontaneous generation, 714 

Hail, structure of, 2 

Hair-follicle, section of, 8 
Hales, ascent of sap, 445 
Haliohondria panicect, 168. 169 
Haliclystus octoradiatus, 8 
Halicore dugong. See Dugong 
Haliomraa wyvillei, 41 
Halisarca dujardinii, 169 
Halitherium, 1177 
Haller, 253 

Halteria grandinella, 178 
Hand, bones of human, 1048 

human, section of skin of, 60 

muscles of human, 1049, 1050 

skin of, 756 

Hare, choice of lair by, 967 

coursing of, 967 

tame, 968 

Harvey, circulation of the blood, 428 
Hearing, sense of, 842 
Heart, action of the. 582 

and vessels of axolot), 475 

of the fish, 474 

of frog. 475 



— beat of. 547 

— foetal. 479 

— functions perfonned by, 538 

— human, 824, 471 

— left ventricle of, 33 

— mammalian, 496 

— movements of, 497, 581 

— nerves of human. 577 

— nerves of the, 5i)\) 

— new method of dissecting muscular 
fibres of, 1366 

— new method of dissecting nerves of, 
1368 

— of bird, valves in, 493 

— of calf, mitral valve of, 517 
musculi papillares of, 517 

— nerves of, 573 



of chick, 470 

of dugong, 495 

of fish, track of apex, 474 

of the fish, 473 

of garden-snail, 472 

of horse, nerves of. 674 

of lobster, 471 

of snake, movements of, 476 

of sturgeon, venous ainus of, 617 

of turkey, 493 

of 7^bra, 518 

rest of, 546 

rhythmic movements of, 578 

section of base of human, perma- 
nently preser\'ed, 1375 
size of cavities of, ,547 

soimds of the, 566 

spontaneous movc«ments of, 498 

valves of, 499, 501 

valves of human, 499 

ventricles of, 103 

of human, 886, 886 

of mammalian, 324 

vessels at btise of hiunan. 498 

Hodi'ra helix, a root-climl)er, 609 
Hedysarum. See Desmodium 
Helicosporium pulvinatimi, 6 
Helic teres Isora, fruit of, 21 
Heliopelta leeuwenh(i»ckii, 8 
Helmholtz, Prof., conservation of energy, 

95 

force iinporishable, 186 

life-transmission hypothesis, 

181 

Hemerobius chry»f)ps. larvie of. 893 
Hemiophrya gem mi pant, 179 

truncata, 179 

Hemiplegia. 441 

Henfrey, Prof. A., growth of bark, 431 

growth of root, 430 



Henfrey, Prof. A., intra-cellular move- 
ments in cells, 448 

Henslow, Rev. George, adaptation, 817 

re€i8on in lower animals, 796 

Hepatic cells, 8 

Herbert, R»v. W., origin of species, 682 

Heredity, 399. 724 

Heron, flight of, 86. 1272 

measurement and weiv;ht of, 1280 

number of beats made by wings of, 

1282 

wing of, 1239. 1242 

Hero's engine, 1152 

Herpetomonas muscse-domesticse, 170 

Herring, tail of, 1169 

Herschel, nebular hypothesis, i 
Hesperomis, 207 
Heteroceras emerici, 29 
Heterodontus philippi, egg-purse of, 83 
HeteromEistix proteiformis, 178 
Heteromita lens, 170 
Hexagonia glabra, growth of, 89 
Hexamita infiata, 172 

rostrata, 172 

Hexapod insect, movement of legs of, 11 14 
HiU, Major, otter hunt. 977 
Hipparion, 210. 216 
Hippocampus, human. 750 
Hippophae rhamnoides, scale of, 6 
Hoffmann, ascent of sap, 434 
Hollow muscles, fibres of, 643 

viscera, movements of, 531 

muscular arrangements of, 531 

Holocephali, 401 

Holoptychius nobilissimus, 1167 
Homalium racemosum, flower of, 44 
Homalonotus delphinocephalus. 62 
Homarus vulgaris, spermatozoon of, 169 

anatomy of, 1166, 1160 

Homer, bust of, 1344 
Homo sapiens, spermatozoon of, 26 
Honeycomb of bee, 923, 925 
Honeysuckle, stem of, 23 
Hook-climbers, 609 
Hop, stem of, 23, 614 
Hoplitophrya lumbrici, 175 
Horn of koodoo, 618 

of ram, 19 

Horse, affection of. 989 

amble of, 1136, 1148 

Arab, 989 

canter of, 1142 

descends declivities with difficulty, 

1114 

descent of, 216 

distribution of muscles of, 1097 

English race-, 1183 

entire Clydesdale, 1182 

gallop of. 1136, 1140, 1141, 1142 

in sympathy with master, 989 

intelligence of, 989 

jugular vein of, 616 

locomotion of, 1131 

muscular fibres of CBsophagus of, 

681 
muscles of, 1135 

muscular system of, 1 1 34 

osseous system of, 1131 

paces of, 1135, 1186 

plaiting of extremities in walking, 

1088 

rack of, 1148 

ricochet of. 1143 

runaway, 990 

skeleton of, 1133 

of fore-limb of, 216. 1066 

so-called taming of, 989 

superficial muscles of, 1098 

trot of, 1136, 1189, 1140 

venous valve of vein of. 616 

walk of, 1135, 1137. 1138 

Hot water method of dissecting, 1368. 

1373. 1378 
House-fly. flight of, 1230 



Hoya oamosa, a climbing plant, 609 

swaying movement of, 615 

Huggins, Sir William, nebula), 18 
Human brain, 760 

diaphragm, 281, 283 

embryo, brain of, 897 

foetus, 398, 405 

circulation in the, 479 



head, antero-posterior section of* 



1372 

— heart, 406 

mitral valve of, 517 

musculi papillares of, 617 



larynx. 274 

lung, 274 

ova, parasitic nature of, 375 

ovary, 392 

ovum, 390, 397, 480 

race in Greek and Roman times, 

1342 

persistence of type in, 1336 

uterus. 390, 393, 406, 480 

Humble bee, 918, 930 
Humerus, bony tissue of human, 9 
Humming-bird, win^ of, 421, 1215 
Humphry, Sir George Murray, visit of, 

1263 
Humulus Lupulus, stem of, 28 
Hunter, John, circulation in cetacea, 495 
Hunterian Museum, 1370 et aeq. 
Huxley, Prof. T. H., origin of cells, 144 
embryological argument for 

man's origin, 1014 

evolution. 203 
origin of species, 683 
protoplasm. 96 



relation of extinct reptiles to 

birds, 1306 
Hyalea tridentata, 1155 
Hydra, 100, 312 
Hydractinia echinata, 83 
Hypnos, 123 
Hypoblast, 389 



Ichthyomis, 207 
Ichthyosauria, 206 
IchthyoHaurus. flipper of, 76, 1188 

restored, 1108 

skeleton of. 78, 1190 

Iguana, teeth of, 1808 
Iguanodon, 1816, 1317 

bemissartcnsis, 1316 

mantellii, 1308 

skull of, 1309 

Inachus, spermatozoon of, 169 
Inchmahome. 667 

Indian elephant, spirality in bones of, 84 

Infusoria, 161, 176, 338 

Injection with plaster-of- Paris, 1371, 1374 

Inostransevia, 1311, 1320 

Insect, air-tubes in. 1205 

circulation in, 469 

figiire-of-8 trajectory made by wing 

of, 1080 

larvBB, intelligence of, 892 

organs of respiration in. 469 



tracheai of. 471 

vessels in the. 470 

Insects, speed attained by, 1225 
Insectivorous plants, 593 
Inspiration, forced. 296 
Inspiratory musc^les, 295 
Instinct, 243, 874 

and reason, 1023 

Intelligence, 245 

development of, 890 

of ant«, 900 

of bear, 975 

of l)ees, 917 

of birds, 942 

of buffalo, 970 
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Intelligence of cat, 991 

of cephalopoda, 894 

of dog, 994 

of earthworm, 891 

of elephant, 998 

of ferret, 982 

of fishee, 935 

of goat, 987 

of horse, 989 

of insect larvap, 892 

of limpet, 893 

of lion, 975 

of manatee, 960 

of molliisca, 893 

of monkey tribe, 1002 

of otter, 977 

of ox, 985 

of oyster, 893 

of pig, 969 

of polecat, 982 

of porpoise, 957 

of rabbit, 966 

of rat, 984 

of reptiles, 939 

of seal, 961 

of sheep, 987 

of snails, 893 

of spiders, 894 

of termites, 909 

of tiger, 975 

of walrus, 960 

of weasel, 982 

of whale, 957 

of wolverine, 983 

Internal ear, 844 
Intestinal villi, 483 

blood-vessels of, 484 

Intestine, human, with mesentery, 60 

villi of, of mare, 73 

villus of, of sheep, 73 

Intra-cellular circulation, vitality con- 
cerned in, 442 

Involuntary muscle, 534 
Ipomoea jucunda, 616 
Iris, the, 849 

contraction of. 262 

muscles of, 324 

of ox. 883 

Irritability and reflex action, 880 

Prof. Sachs on, 607 

theory of, 240 

Isastrasa oblonga. 64 
Isis, ba.s-relief of, 1887 
Isis hippuris, 810 
Ivy, a root-climber, 609 
leaf, hair of, 6 



King peng^n, swimming and diving of, 

1186 
King Seti I., 1885 

Kirk, Sir John, wounded buffalo, 970 
Knight, Prof. W., expedition with, to 

shoot wild geese, 942 
Koninckina leonhardi, 29 
Koodoo, horns of, 33, 658 



Jackdaw, nest-building of, 951 
Jarrabaoc^t. egg of, 70 
Jelly-fish, swimming of, 1 149 
Joints, ball-and-socket, or universal, of 
arms and legs in man, 1123 

in locomotive organs, 1093 

shoulder and hip, in man, 1036 

Jugular vein of horse, 516 
Julius Caesar, bust of, 1344 
Jurassic vegetation, 1302 
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Kanjraroo. posterior oxtrcmities onor- 

moiisly (h»v«*lo|>pd in. 1114 

projjivssioii of, 1144 

Knnt, Imnmnu(U. uobular hvpothesis. 1, 

18 223 
Karvokinosis, 383 
Kelvin, Lord, life-tninsmission livpothosis, 

181 

livinjr Jind dviui iiiatUT. 098 

Kestrel, wings of, 1239 



Labyrinth or internal ear. 844 
Labyrinthodon jaegeri, tooth of, 102 
Lacerta ocellata, circulation in, 477 

viridis, nerve endings of, 752 

Lacrymaria cohnii, 176 
Lagenopca cuspidata, 58 
Lagenorhynchus albirostm, anatomy of, 

1176 
Laing, Mr. Samuel, on arts at dawn of 

Egypticm history, 1334 

on life of ancient Egypt, 1332 

types of earliest inhabitants 

of Europe, 1357 
Lamarck, origin of species, 682 
Lancelot, 401 
Land leeches, 892 
Landois, Prof., reflex act, 259 

muscles of respiration, 296 

Land, progression on the, 1113 
Lanius rufus, spermatozoon of, 26, 892 
Lankester, Sir E. Ray, on Archteopteryx, 

1308 
Laplace, nebular hypothesis, 1, 18 
Lapwing, strategy of, 950 
Leu'us, spermatozoon of, 159 
Larva, ascidian. 402 
Laryngoscope, 869 
Larynx, 865 

cartilaginous box of, 867 

human, 275 

muscles of, 867 

Lathvrus odoratus, tendrils of, 23, 613, 

625 
Laiu*us nobilis, flower of, 48 
Lawrence. Sir Wm., structure a measure 

of function. 784 
Lazy tongs illustrate muscular action, 

1095 
Leaf arrangement, 665 

branching venation of, 52 

climbers, 606 

insect, 70, 100, 103 

Leaf, vernation of, 21 

Leaves and roots, relation between, 451 

spiral arrangement of, 28 

spiral distribution of, 665 

Leech, circulation in, 461, 468 

vessels of, 463 

Leg. muscles of human. 1055, 1056 

of man adapted to sustain weight 

and neutralise shock, 1122 

- bones of, form three angles. 
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Lembus velifer, 176 
I^mna minor, 485 

Leonardo da Vinci, on flight, 681, 1398 
T.«eonine expression of lion's keeper, 976 
Lepidodendron comigatum, 1801 
I>)()i(lophloio8 oeadianus, 1301 
LepidoHJrt'n ann<H*t<»n8, 73 
Lepidosteus, hnlhus arteriosus of, 555 
I..«>pu8 cunicnliiH, Hperniatozoa of, 26 
I^Mieiseus, Hf>«^nnnt^)Z()a of, 159 

— - vulgaris, seale of, 8 
Leucosolenia roriaeea, 168 
Levers. 1092 

levity necessary to sub acjuatic flight. 1101 
Li<'rnophora splendida. 8 
Lightning, 102 
hnmehed, 47 

— - inarkin^f* '>n Iniinan arm. 52 
Lini{M3t. intelligence of, 893 



Links, transition, 401 
Lion, intelligence of, 975 

rather cowardly, 975 

trustful in confinement, 976 

Lions at Berlin, 976 

Lister, Lord, on compound ascidianfl, 

461 
Lister, Mr. Arthur, on Mycetozoa, 300 
Lithostrotion basal tiformo, 62, 

floriforme, 65 

Liver, lobule of human. 52 

Livia, bust of, 1344 

Living matter, movements in rudimentary 

forms of, 1 103 
Livingstone, Dr.. African buffalo, 970 

honey-guide, 955 

Lobster, anatomy of, 1156, 1160 
blood-vessels in, 471 

circulation in the, 471 

gills of, 471 

heart of, 47 1 

swimming of. 1156, 1160 

Ix>ch Houm. observations on jellv-flshes 

in, 1150 
Locomotion, £u;tive organs of. 1094 

and muscular cycles, 1096 

of adjutant, 1120 

of birds, 1117 

of elephant, 1145 

of giraffe, 1 1 44 

of hexapod insect, 1114 

of horse, 1 131 

of man, 1 1 20 

of ostrich, 1117, 1118 

of snakes, 1116 

passive organs of, 1092 

Locust, wings of, 1217 
Lodestone, 104. Ill 

Lodge. Sir Oliver, interaction between 

the mental and the material, 191 
Loess, human remains in, 1353 
I^ligo vulgaris, 1153, 1154 
Lonicera bra^hypoda, revolution of, 616 

Periclymenum, stem of, 28 

London Pride, tissue of anther of. 168 

Lonsdaleia floriforme, 60, 64 

Loon, diving, 1186 

Love-bird, image in mirror of. 955 

Lophius piscatorius, 938 

Lophomonas blattarum, 172 

striata, 172 

Lubl>ock, Sir John (Lord Avebury), ferti- 
lisation of Silene nutans, 369 

Lumbricus agricola, spermatozoa of, 465 

creeping of, 541 

Lung, human, 274 

of froe, 274 

of newt, 276 

Limgs, development of, 414 

Lupinus nanus, pollen of, 163 

tissue of anther of, 163 

Lycosa narbonensis, 898 

Lydekker, Mr. R., identification of aniiDala 
on wall of Chapel of Ptahhetep. 134!) 

Lyell. Sir Charles, upheaving movement. 
229 

Lymph, 502 

Lymphatic vessels, 502 

Lyre bird, tail feathers of, 33 
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Maoacus, brain of, 752 

Mackerel, tail of, 80, 1169 

M'Intoah, Prof. W. C. escape of pkate 
from dredger, 939 

Maclay, I., photograph of Soanish cheat- 
nut, 667 

Madura, cutting of root of. 481 

Macrorhinus leoninus, hind extremities 
of. 78 

Macroscaphites ivanii. 29 

Mwandrina cerebrifomiia, 70, 102 



Magnet, 106, 110 
Magnetism, 104. 105, 115 

animal, 122 

Magneto-electric action, 864 

machine, 862 

Mago8phspra planula, 165 

Magpie, valvular action of feathera of 

wing of, 1245 
Maja, spormatoz(K)n of, 159 
Malaptoriinis, 123 
Malaria, blood-corpnscles of, 812 
Malarial fever, parasites in, 806 
Mallomonas frenenii, 178 

plosslii, 178 

Mallow, scstivation in, 21 
Malpighi, capillewy circulation, 429 
Mammal, arterial systcim in, 400 

development of, 890 

Mammalian heart, 490 
Mammals, gigantic extinct, 1322 

land and sea, distinct, 965 

reproductive process of, 374 

Mammoth, restoration of, 1824 

skeleton of, 1824 

tusks of, 80 

Man, a cave-dweller, 1351 

an omnivore, 1327 

an original creation, 1013 

cmtiquity of, 1331 

ball-and-socket or universal joints 

in, 1123 

bones of limbs of, 1027. 1029 

bones of leg form three angles, 

1122 

conditions which favour progress of, 

1.327 

embryo of, 895, 402 

erect position of, a drawback to 

speed, 1122 

evolution of, 1014 

foot of, adapted to receive pressure, 

1123 

in Tertiary Period. 1354, 1356 

locomotion in, 1120 

muscular system of, 1080, 1 126 

nervous system of, 182, 413 

organs of, difficult to dissect, 1017 

origin and career of. 1324 

osseous system of, 1026 

position of bones of inferior ex- 
tremities, 1122 

positions assumed bv head, body, 

&c., in fast walk, 1127, 1128, 1129 

positions assumed by head, body, 

&c., in nmning, 1130 

prehistoric, 1351 

shoulder and hip joints of, 1036 

skeleton of, 80. 1026, 1122 

spermatozoon of, 26 

superior extremities oscillate in pro- 
gression, 1123 
spmiiimar valve of pulmonary 



arterv of. 517 
Manatee, 84. 1149, 1177 

dissections of young, 1177 

flippers of, 1177 

in captivity, 959 

intelligence of, 960 

tail of, 80, 82 

Mtuiatus americanus. See Manatee 
Manganese, dendritic, on limestone, 52 

oxide, dendrite of, 5(i 

Mangrove tree. 78. 430 

Man tell. Dr. Gideon A., on iguanodon, 

1308 
Marcet, experiments with sensitive plant, 

.592 
Marrgravia nepenthoides, fertilisation of, 

370 

umbollata, 609 

Marchantia. elat<»rs of, 141. 164 

]>olymorpha, cells of sporangium of, 

164 
spermatozoids of, 164 
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Marchantia polymorpha, sporangial re- 
ceptacle of, 6 
sporangium of, 488 

MarcuB Aurelius, bust of, 1844 

etiuestrian statue of, 1848 

Mare, chorion of, 52 

Marey, Prof. E. J., flight of gull, 1288 

flight of wasp, 1082 

misrepresentation of author *8 

views on figure-of-8 movements of 
wing, 1081 
projections made by wing at 



successive periods, 1261 
Markhor goat, horns of, 80 
Marsh, Prof., descent of the horse. 216 

on atlantosaurus, 1317 

Marsilia, spermatozoid of, 159 
Mason bee, 9,30 

wasp, 931 

Masterman, Dr. Arthur T., Paramecium, 

335 
Mastiff, plaiting of extremities in walking, 

1087 
MastigamoDba simplex, 166 
Mastigophora, 338 
Matter, indestructible, 185 

in relation to life, 193 

motion a condition of, 458 

new theory of, 186 

properties of, 1091 

Matthew, Mr. Patrick, origin of species, 
682 

Maxwell, J. Clerk-, electro-magnetic theorv 
of Ught, 118 

Medicago, pods of, 28 

Medical students at University of Edin- 
burgh, 1364 

Medulla oblongata, 780 

Medusa, 100 

nervous svstem of, 734 

Megalosaurus, 1809 
Megatherium americanum, 1306 
Melodinium uberrimum, 178 
Melon, spiral vessel of, 21 
Membrana tympani, 761, 848 
Membrane, secreting, 482 
Memory, 811 

Mendele^ff, periodic law, 194 

Menispermum canadense, shoot of, 627 

Menobranchus, 78, 101, 274, 402 

Mercurialis, leaves and roots of, 450 

Mercury, statue of, 1848 

Meridion circulare, 8 

Mesembryanthemum, pollen of, 163 

Mesoblast, 389 

Mesohippus, 210, 216 

Metacystis truncata, 176 

Metals, circulation in, 459 

Method of dissection of heart, 1366 

Metopus sigmoides, 176 

Micrasterias denticulata, 8 

Migration of birds, 415 

Miliola, branching sarcode of, 60 

Miliolina, 810 

Mimosa pudica, 127. 249, 440 

Mind and muscle, 804 

Mind, physical basis of, 800 

Minerva, head of, 1844 

Miohippus, 216 

Missing links, 247. 1297 

Mitella nuda, flower of, 44 

Mitophora dubia, 178 

Mitosis, 1.50 

Mitra episcopali^. 32 

Mitral valve of heart of calf. 517 

of human heart. 517 

of sheep, 517 

Mivart, Mr. St. George, on man and apes, 

1009 
Moa, 216, 218 

skeleton of, 1807 

Molecule, 130 

Molecular changes in nerve cells, 835 
Molecules, fimdamontal, 93 
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Molecules, under guidance, I 
Mollusc, progression of, 1113 
Mollusca, intelligence of, 893 
Monad, 339 

collared, 162, 170 

Monas, 812 

Monkey, embryo of, 402 

mus<;ular fibres of stomach of, 529 

placenta of, 488 

tribe, intelligence of, 1002 

Monkeys, human expression of, 1006 
Monodon monoceros, tusk of, 82 
Monosiga angustata, 56 

consociata, 56 

gracilis, 162, 339 

Monotheistic religion, 1330 

Morgan, Lewis H., heaver canals, 972 

MormjTus, 123 

oxyrhynchus, swimming of, 1147 

Motor nerves, 774 
Mouth, structure of, 758 
Movements, muscular, 317 

of extremities in land animals, 1114 

of thorax, 544 

Mucor mucedo, 307 

Muirhead, Professor J. H., mind and 

matter, 239 
Miiller, Johannes, blood-vessels of leech, 

428 

on leech, 463 

Murex, tentacles of, 542 
Muscicapa, spermatozoon of, 159 
Muscle, double power of, 330, 331 

involuntary, 534 

volimtttr>', 534 

Muscles, abdominal, 285 

endowed with independent centri- 
petal and centrifugal movements, 1096 

expiratory, in calm breathing, 296 

hollow involuntary, 518 

in co-ordinated groups, 329 

inspiratory, 295 

invested with a double power, 809 

mixed, 535 

of eyeball, 764, 887, 1031 

of head, face, and neck. 1082 

of human arm, 1044, 1046, 1046, 1047 

forearm, 1878 

foot, 1058, 1059 

hand, 1049, 1050 

leg. 1055, 1056 

leg and foot, 1879 

pelvis, hip. and thigh, 1877 

scapula and upper arm, 1877 

of the horse, 1185 

of inferior extremities, 1052 

of pharjT^x, 1034 

of soft palate, 1084 

of sole of human foot, 1380 

of thorax and abdomen, 1088, 1089, 

1041 

of tongue, 1084 

rhythmic, 269 

sarcous elements of, 828, 331 

superficial, of the horse, 1098 

thoracic, 285 

voluntary, 887 

Muscular action and dignity of movement, 
1104 

illustrated by lazy tongs, 1095 

inherent and vital, 327 

theory of, 329 

and o8S€H>us systems of the fish, 1171 

coats of stomach, 522 

cycle fonned by biceps and triceps, 

821, '1095 

cyclef., and locomotion, 1096 

fibre, elementary, 821 

fibres, 324 

in bladder, 519, 520, 621, 522 

in prostate, 519, 520, 521, 522 

involuntary, 60 

of crab. 328 

striped, 821 

9 n 
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Muscular fibres, \oIuntary, 819, 828 

movement, and artificial stimula- 
tion. 878 

movements, 253, 256, 317 

no antagonism in, 1094 



sjrstem of the fish, 1098 

of horse, 1134 

of man, 1080, 1126 

Musculi papillares of heart of calf. 517 

of human heart, 617 

Musical notation, 862 

Mus rattus, spermatozoon of, 26 

Muy bridge, Mr. E., instantaneous photo- 
graphs of flying birds, 1264 

instantaneous photography and 

animal locomotion, 1112 

Myoetozoa, 299, 301, 338 

Myxobolus ellipsoides. polar capsules of, 402 
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Naples aquarium, observations on jelly- 

tiBhea at. 1150 
Nardne, 123 
Narwhal, tusk of, 82 
Natural selection, 182, 187, 188, 202, 234, 

689, 817. 1017 
Nautilus, 82 

pompilius, 28, 672 

Navicula didyma, 8 
Neanderthal skeleton. 1012 

skull, 1011. 1356 

Nebalia bipes, 8 
Nebula, Great. 16, 18 
NebiUffi, 14. 16 

spiral, 685 

Nebular spirals, 11, 14 
Neolithic period, 1352, 1367 
Nepenthes, 591, 593, 611 
Nereis, egg of, 157 

Nerve baHkets from spinal cord of ox, 60 
Nerve cell, multipolar, 60 
of man. 132, 135 

cells, human, 743 

molecular changes in, 835 

of frog, 762 

of mammals, 746 

end bulbs, 766 

endings. 792 

endings in Lcu^rta viridis, 752 

fibre, 748 

reflexes, 258 

transverse section of, 8 

Nerves, cranial, 752 

motor. 774 

of calf's heart, 678 

of horse's heart, 574 

of human heart, 577 

of tongue, 840 

sensory, 774 

spinal, 774 

Nervous system, 770 

development of, 890 

diffen'ntiations of, 741 

first api^earanre of, 733 

nature of, 738 

of centipede, 413 

of man, 413 

of medusa, 734 

of snail, 746 

oripin of, 412 

Nervuros of wings, 1220 

Nest-buildinK fiHlies. \m\, 937 

NoHtfl of birds. O.IO 

Neuron, diacrarn of. 746 

NowMpaper rolled doinonstratt^s atrnoture 

of heart, l^OG 
Newt, lim^ of, 27() 
Niagara. Falls of, 205 
Nile temple, hawks of. 956 
Nissl, inetlio<l of staining fclls, 799 
Noctiluca. 166. 312 
mitosis in. 159 



Noctua verbasci, cocoon of, 892 

Nodes of Ranvier, 746 

Nonionina silicea. 810 

Norfolk Island pine, summit branches of, 

44 
Nose, nerves of, 758 

structure of, 768 

Notation, musical, 862 

Notidanus, 401 

Notochord, 401 

Notodelphys ascidicola, 8 

Nottingham catchfly, fertilisation of, 369 

Nucleus dividing, 886 

Nyctotherus cordiformis. 177 

Nymphon abyssorum, 70 
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Oak, section of stem, 89 
ObeUa, 810 

medusae of, 66 

Octopus pimctatus, 1153 

swimming of, 1152. 1168 

vulgaris, 1152, 1163 

Ocyroe crystallina, 1155 

Odours, true and false, 842 

CEdogonium vesicatum, 6 

Oesophageal rhythm, 439 

(Esophagus of horse, muscular fibres of, 

826, 531 
Oidium lactis, 807 
Olfactory bulb, diagram of, 768 

cells of Proteus, 766 

ganglia, 779 

Omphymn turbinatum, 64 
Opalina ranarum, 178, 176 
Opercularia stenostoma, 174 
Operculum of Cyclostrema, 686 
Ophryodendron belgicum, 179 

multicapitatum, 179 

Ophryotroeha, egg of, 159 

germinal vesicle of, 169 

Opossum, spermatozoon of. 169 
Optic fibres, diagram of, 760 

thalami, 779 

Orang-outang, 1008 

Orbiculina adunca, 28 

Orca gladiator, placenta of, 482 

Orchid, spiral cell of, 21 

Orchis, root of, 486 

Oreas canna. horns of, 88 

Organ of Corti, 761 

Organs for land, water, and air transit, 

1196 

respiratory, 274 

Origin of species, 682 

Ornithorhvnchus, not a connecting link, 

965 
Omithoscelida. 208 
Orohippus, 216 

Os calcis, vertical section of, 8 
Osmosis, experimental, 446 
Osseous and muscular system of the fish, 

1171 

system of bird, 1253 

of the horse. 1131 

of man, 1020 

Ossificration, 410 
Osteolcpis. 1167 
Ostrich, 21() 

as a swinnnor, 1110 

curves made bv, in running, 88, 1088 

feet of. 1118 ■ 

foot of, 218 

locomotion of. 1117. 1118 

- skeleton of, 78. 11 IS 

spo<Hl of, 1119 

walking of. 1120 

winjjs of. 1118 

Otoliths. 845. H4r. 
OtostoniM cartiTJ. 176 
()tt<'r, foot, 80 

- - hunt, in Count v Wexford, 977 



Otter, intelligence of, 977 

Otters, in pool of Slaney, Ireland, 978 

Ova, alecithal, 377 

oentrolecithal, 377 

telolecithal, 377 

Ovary, human, 892 

of fowl, 886 

Over-civilisation leculs to degeneracy, 1327 
Oviduct of fowl, 886 
Ovis poli, horns of, 80 
Ovum, a conglomerat-e, 382 

a microcosm, 382 

composition of himian. 377 

fertilisation of. 379 

holoblastic, 882 

human, 78, 887, 890. 394. 895, 397, 

480, 486 

impregnated, 379 

impregnated, of complex nature, 

1016 

meroblastic, 882 



of Ascaris megalocephala, 882 

of cat, 882 

of echinoderm. 888 

of mammal, 882 

of rabbit, 882 

of worm, 8 

ripening, 378 

Owen, Prof. Richard, origin of species, 

683 
relation of extinct reptiles to 

birds, 1306 
Owl, flight of, 1270 
Oyster, intelligence of, 893 

shell, portion of, 8 

Ox, intelligence of, 985 

skeleton of leg of, 215, 1065 

Oxalis ckcetosella. movement of leaves, 587 
Oxytricha pellionella, 179 

scutellum, 179 



Paces of the horse, 1135, 1186 
Pacinian body, 834, 837, 764 

transverse section of. 8 

Paget, Sir James, rhythmic nutrition, 

442 
Palseaster eucharis, 44 

ruthveni, 44 

Palaeocoma coKnni, 44 
Palapolithic period. 1352, 1357 
Palspotherium, 206 

Palate, muscles of soft, 1034 

structure of, 768 

Palmella cnienta, 807 

Palm, structure of stem of, 481 

tree, radiating branches of, 44 

Pamir sheep, horns of. 80 
Pandanus odoratissimus, 78 
Pandorina morum, 141 
Papilla? of palm of hand, 482 
Paramecium, 78 

aurelia, 176 

caudatum, 334 

Parasitic forms in diseases, 306 
Parasmilia centralis, 66 
Pariasaurus, 1310 

Parrot, taught to whistle and talk. 94<> 

Parsons, Hon. C. A., turbine engine, ll'»2 

Parthenogenesis, 709 

Partridge, wings of. 1239 

Parturition. 488 

Passiflora alata, stem au<l tendrils of. 23 

crerulea, pollen of, 163 

Passion-flower, stem and t<»ndrils of. 23 

t^mdrils of, 623 

Pasteur, M., molecular nsvninietrv. 19 

spontaneous generation. 718 

Peacocks, peacemakers, 947 
Pearson. William. 1.383 
Peeten, swimming (»f. 1151 
radians, shell of, 44 
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Pediastruin boryanum, 8 

Pegasus natans, 1167 

Pelargonium speciosuin, pollen of, 108 

PelUa, spermatozoid of, 159 

Pelvis, bones of human, 88, 1086 

Pendulum movement of limb in walking, 

1124 
Peneroplis pertusus, 29 
Penguin in Zoological Gardens, London, 

1186 

Uttle, 1149 

king, 1186 

movement of feet of, 1191 

swirajning of, 1185, 1186 

wing and foot of, 80 

wing of. 1190, 1191 

Perca fluviatilis. See Perch 
Perch, musculsur system of, 1169 

skeleton of, 1169 

spermatozoon of, 26 

tail of, 1169 

Perdrix rubra, 421 

Periophthalmus koelreuteri, 342, 1105 

leaping on land, 1 106 

Periploca grseca, pollen of, 163 
Permanency of animals, 380 

of plants, 380 

Peyer's patches in ileum of sheep, 78 
Phacus longicaudus, 172 
Phar3mx, muscles of, 1084 
Phasianus colchicus. See Pheas€uit 
Pheasant, wing of, 1289 

wings of, 80, 82, 214, 1245 

Phegopteris, spermatozoid of, 159 
Phialonema cvclostomum, 172 
Phoca, 82, 11*47 

skeleton of, 76 

Phocsena communis, 84, 1149 

anatomy of caudal fin and 

tail of, 1176 
Phcpnix dactylifera, fibro-vascular bundle 

of. 485 
Phonograph, 868 

eaxly form of, 864 

structure of, 860 

Photography, instantaneous, recording 

movements by, 1111 
Phrenology, 791 
Phyllium siccifolium, 70 
Phyllopneuste, spermatozoon of, 159 
Phyllorhina gracilis, 84 
Phyllotaxis, 665 

illustrative examples of, 666 

Physaraceae, 303 

Physarum psittacinum. 303 
Physianthus. See Schubertia 
Physomonas socialis, 170 
Pieris, branching nucleus from larva of , 155 

rapsB, 147 

Pig. brain of, 746 

embryo, 402 

intelligence of, 969 

spermatozoon of, 159 

Pigeon, carrier, 950 

dimensions and weight of parts of, 

1260 

dissections of wing of, 1249 

experiments with, to demonstrate 



flexure of wing in flight of, 1260 
— flight of, 1270 

instantaneous photographs of flight 



of, 1266 

Pigeons in Venice, 956 
Pike, spermatozoon of. 159 
Pilulana, fertilisation of, 159 
Pine-apple, section of, 89 
— — fruit of, 664 
Pinguicula vulgaris, 596 
Pinnularia nobilis, 8 
Pinus maritima, cones of, 25 

sylvestris, section of wood of, 144 

Pitcher plant, 591, 503 
Pithecanthropus, 1011 

skuU of, 788 
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Pith of Acanthus mollis, 488 
Placenta, 78, 397 

circulation in the human, 479 

fcetal portion of. 489 

tuft of, 486 

of monkey, 488 

of whale, 482 

Placental circulation, 406 
decidua, 487 

fcBtal tufts, 489 

vilU, 445, 489 

\allus, 481 

Plagiopogon coleps, 176 

Plane tree. Dean's Court, St. Andrews, 
642 

seed of, 419 

Plant, currents in, 342 
Plants, circulation in, 430 
extinct, 1296 

improvable, 233 

respiration in, 436 

sap currents in, 431 

spiral arrangements in, 636 

spirality in, 662 

subject to disease, 236 

under electric light, 120 

vessels of, 433, 435 

Plasmodium of Mycetozoa, 300 
Plasterina primseva, 44 

Plaster-of- Paris, injection with, 1371, 1374 
Platypus, foot of, 80 

not a coimecting link, 965 

Plesiosauria, 206 

Plesiosaurus dolichodeirus, skeleton of, 

76 1 1 88 

* restoration of , 1109, 1186, 1188 

Plesioteuthis prisca, 78 
Pliohippus, 216 
Plumularia falcata, 148 
Pneumococci, 307 
Pneumogastric nerve, 

of, 670, 572 
Podiceps, foot of, 78 
Podocarya bucklandi, 64 
Podocyathiis diadema, 179 
Podophrya, 812 

elongata, 179 

Podostoma filigerum, 166 
Pointers, effect of training, 996 
Polar globules, formation of, 378, 382 
Polecat, intelligence of, 982 
Polistes camifex, 912 
Pollen of Acacia laxa, 164 

of Alisma Plantago, 163 

of Apocynum venetum, 163 

of Bellis perennis, 168 

of Cichonum Intybus, 164 

of Cucurbita Pepo, 164 

of Epilobium montanum, 163 

of Erica multiflora, 163 

of haricot bean, 164 

of Hibiscus Trionum, 163 

of Impatiens Noli-tangere, 163 

of Lupinus nanus, 163 

of Mesembryanthemum, 163 

of Mimulus moschatus, 163 

of Passiflora aquilegisfolia, 163 

cserulea, 163 

of Pelargonium specioeum, 163 

of Periploca grseca, 163 

of Ruetlia formosa, 164 

of Scorzonera hispanica, 163 

of Sherardia ar\'ensis, 164 

of Sonchus palustris, 164 

of Statice linifolia, 164 

of Viola odorata, 163 

Polycoelia profunda, 65 
Polycystinese, 229 
Polyceca dichotoma, 56 
Polyphemus, spermatozoa of, 159 
Polypt«rus, 1167 

bichir, 1106 

Polystomella, 310 
macella, 29 



Polytrichum commune, spermatozoids of, 

164 
Porcellana, spermatozoon of, 159 
Porpoise, 84, 1149 

anatomy of caudal fin and tail, 1176 

at play, 957 

intelligence of, 957 

muscular fibres of stomach, 529 



Powell, Rev. Baden, origin of species, 683 
Preparation- jar, 1871 
Preparation- making, anatomical, 1363 
Primates, 1002 
Primordial utricle, 438 
Priority of discovery of figuro-of-8 move- 
ments, 1085 
ProbosccUa vermina, 176 
Prochlorite, crystalline formation of, 19 
Production of seeds. 417 
Progression on and in the water, 1 146 

on the land, 1113 

Pronuclei, conjugation of, 384 

formation of, 884 

Pronucleus, female, 378, 383 
mule, 378, 388 

Propellers of animals superior to those of 
steumships, 1194 

experiments with model steamers 

on Clyde, 1194 

fish-tail, 1195 



Pro [Killing and retaining structures, and 

reflex action, 877 
Properties of matter, 1091 
Proscopia nodula, 70 
Prostate, muscular fibres in, 519, 520, 521, 

522 
Proterospongia haeckeli, 170 
Proteus, olfactory cells of, 755 

spermatocyte of, 157 

Protococcus nivalis, 141 

viridis, 141, 307 

Protohippus, 210, 216 
Protoplasm, 95, 305, 363, 381, 399 

foam-structure in sea-urcliin's egg, 



155 



movements of, 315 



Protopterus annectens, 78, 342 
Protozoa, 338 

voluntary movements in, 890 

Ptahhetep, pictures of animals in Chapel 

of, 1349 
Pteranodon, 208 
Pterodactyls, 208 

wings of, 1298 

Pterodactylus spectabilis, restored, 1110 
Pterosauria, 208 
Pterygotus anglicus, 1190 
Pulmonary artery, 553 

ring surrounding the, 606 

Pyloric valve, structure of, 827 
Pyramid cell, diagram of, 746 
Pyrsonema vertens, 177 



Q 



Quadrumcma, 1002 

Queen bee, 914, 920 

Quillaja saponaria, flower of, 44 



R 



Rabbit and weasel, 966 

brain of, 405 

burrow, 967 

curiosity of, 967 

developing femur of, 70 

embryo of, 402 

foliate papilla of, 758 

intelligence of, 966 

ovum of, 882 

spermatic cyst of, 26 

spermatozoa of, 26 

taste-bud of, 765 
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Race-horse, English, 1188 

Rack of the horse, 1143 

Radiolaria, 338 

Radium, 349 

Rae, Dr., intelligence of wolves, 979 

Rahotop's wife, statue of, 1888 

Rainey, inter-cellular canals in plants, 448 

Raja clavata, swinuning of, 1105 

spermatozoon of, 159 

Rameses II., 1885 
Ram-headed god, 987 

sphinxes at Thelx^s, 987 

Ramsay, Sir William, radiiun and radio- 
active elements, 350 

Rana temporaria, spermatozoon of, 26, 

392 
Ra-nepher, sttitue of, 1887 
Raphiolepis rubra, flower of, 44 
Rarey. Mr., taming of horse, 989 
Rat, coiu'ageous, 985 

hoards of provisions by, 984 

in ships, 985 

intelligence of, 984 

spermatozoon of, 26. 159, 

storing of strawberries by, 981 

transporting eggs, 984 

Raven, memory of, 946 

Reason, 874 

in lower animals, 795 

Rectum, 589 

Red coral, 100, 810 

Red-legged partridge, 421 

Reflex action, 259. 261, 262, 874, 882. 889 

and artificial stimulation, 880 

and irritability, 880 

and retaining structures, 877 

Reflexes, nerve, 258 

Reid, Dr. Jolm, fimctions of nerves, 258 

human placenta, 481 

Religion a necessity, 1330 

of the savage, and of civilised man, 

1330 
Reptile, circulation in. 427 
Reptiles, extinct, 1304 

intelligence of, 939 

Respiration in animals, 436 

in birds, 494 

in plants, 436 

internal, 425 

mechanism of, 277 

organs in insect, 469 

Respiratory movements, 263, 788 
rhythmic, 272, 297 

organs, 274 

Reproduction, 146, 147 
Reproductive elements of animals, 381 
of plants, 381 

process in mammals. 374 

Reptomonas caudata, 166 
Retina, the, 849 

human, 764 

Retrogression, 1298 
Reversion, 381 

Rhamphorhynchus muensti>ri. 1110 
Rliinolophus, spermatozoon of, 159 
Rhizomonas verrucosa. 165 
Rhizophora Mangle, 480 
Rliizopoda, 338 

Rluibarb, n»ticulated vessel of, 438 
RliynchoncUa p«ittacea, 29 
Rhvssota brodkci, 28 
Rhythm, u*s()|)lmjj:eal, 439 
Rhythmic movements, 2r)4, 401 

respiratory. 272 

muBcl»»s, 2<)9 

Rhythms, inorjianic, 250 

orp;anic, 250 

Rhytina, 1177 

Ribs, liumnii. forminji synrals, 34 

Ricochet of the horse, 1143 

Roberts, Dr. Isaac, Rreat ncbnln, 18 

Robertson. Mr. R. A., «rcti«in of oiik, 30 

Rook and SpindU*. St. Andrews. 52 

Rods of Corti. 84r,. 870 



Romanes, Dr. GkH)rge J., on ants, 907 

on evolution of the eye, 816 

on Indian jackal, 979 

on instinct of beaver, 974 

on intelligence of cat, 993 

on sagacity of horse, 990 

Rontgen's X-rays, 349 

Rooks, suspicion on part of, 945 

Root-climbers, 609 

of orchis, 485 

Roots, aerial, 461 

and leaves, relation between, 451 

spongioles of, 445 

Roridula, 599 

Rosse, Lord, spiral nebula;, 18 

Rostellaria curvirostris, 80 

Rotation, intra-cellular, in Vallisneria, 

488 
Rotifer, 100 

Royal Medical Society of Edinburgh, 1364 
Rubus australis, 609 
Ruellia formosa, pollen of, 164 
Running, positions assumed by head, 

body, &c., 1180 
Ruttv graveolens, flower of, 48 
Rutherford, Prof. W., muscular fibres of 

crab, 67 



S 



Saccharomyces cerevisise, 807 

Sachs, Prof. Julius von, on irritability, 

(507 
on movements of protoplasm. 

315 

on tendrils, 675 

Sacred bulls, 986 

Saint Hilaire, Geo£froy, origin of species, 

682 
Salamander, dividing cell of larva of, 155 

epidermal cell of larva of, 155 

epidermis of, 155 

larva of, 888 

leucocyte of, 155 

nucleus from crypt of Lieberkiihn 

of, 157 
peritoneal epithelium of, 155 

resting cell from testis of, 155 

spermatocytes of, 157 

spermatogonium of, 159 

tissue-cell of larva of, 155 

Salix polaris, 247 

Salmo trutta, 84, 1149, 1167 
Salmon, leaping, 938 

spawning. 373 

trout. See Salmo trutta 

Salpa cristata, movements of, 537 

swimming of, 1152 

SalpingoBca amphoridium, 166 

ampulla, 56 

convallaria. 58 

fusiformis, 167 

inquillata, 167 

marina, 166 

minuta, 56, 58 

napif<^rmis. 166 

petiolata, 58 

Salticus scenicus, 899 
Salvia, hair from b<hh1 of, 6 
Sarnbucus oliuhis, spiral vetwols of, 433 
Sand-hopper, 100 

Sand-storm, 10, 11 
Sand-wasp, 912 
Sap, ascent of. 431 

descent of. 431 

Sarcina ventriculi. 307 
Sjir<"(nis element, 319 

elements of iniiseles. 323 
Sarins, pigment e**!] of. 155 
Savam* state, explained by n^tro^ijr<>ssion. 

1 32<> 
Saw-fish, 1167 
SaxifrnLii nnibn>sa, tissue of anther of, 163 



Scalaria scalaris, 28 
Scallop, swimniing of. 1151 
Scaphognathus crtissirostris, bonee of 

wing of, 76, 218. 1111 
Scapula, human, 88 
Scarf skin, 836 
Sc^lidosaurus harrisoni, I3p5 
SchafThausen, Dr., origin of spccicss, 683 
Schleiden, crell-theory. 144 
Schubertia, (;limbing stem of, 28 
Schwann, cell-theory, 144 
Scolopendra, nervous system of, 182 
Scomber scomber, tail of, 80 
Scorpsena, ovcurian egg of, 157 
Scorzonera hispanica, pollen of, 168 
Screw pine, 78 
Scyphidia rugosa, 174 
Sea anemone, section of, 67 
Sea anemones, 44 
Sea-bear, 82, 1149 
Sea-butterfly, swimming of, 1155 
Sea-cow. See Manatee 
Sea-gull, flight of, 1275 
flight of, witnessed in Firth of Clyde, 

1277 

wings flexed during the up strokes, 

1260 

Seal, 82, 1147 

curiosity of, 961 

foot of, 80 

in cbQuarium at Zurich, 1185 

intelligence of, 961 

muscular system of, 1182 

skeleton of, 76, 1181 

swimming of, 961 

trapped in e«tuary of Tay, 962 

Seals, in Loch Etive and Sunart, 961 
Sea-Uon, anatomy of flippers, 1179 

swimming of, 968, 1179. 1182, 1185 

trained to perform tricks, 964 

Sea-pen, 100 
Secreting membrane, 482 
Seed of plane-trc«, 419 
Seeds, distribution of, 417 
of ash-tree, 419 

production of, 417 

spiral, 663 

winged. 419 

Seedling, dicotyledonous, 78 

Seeley, Prof., on relation of extinct reptiles 

to birds, 1306 
Selection, artificial, 234 

implies a selector, 1017 

natural, 182, 187, 188, 202, 234, 689, 

817, 1017 
Semilimcir or arterial valves, 552 

valve, 558 

human aortic-, 617 

of pulmoniury artery of man. 

517 

Semper, Professor Carl, degeneracy m 

animals, 817 
Seneca, bust of, 1844 
Sensation. 770 
Sense of hearing, 842 
of sight. 847 

of smell. 841 

of taste, 839 

of touch, 836 

organs, 190, 815 

— — adaptation and design in, 833 

and different kiiuU of matter. 

835 

normal action of. 837 

SensibiHtv. degree of, 834 
Sensitive 'plant, 127. 249. 440 

plant^s, 587 

Sensory organs developed from within, 
814* 

nerve fibres, 758 

ner\-e«, 774 

Sepia offieinali'^, 67 

Septum ventri<-ulorum in crocodile, 477 

in Lac<?rta iH'cllata. 477 
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Septum ventriculonim in python, 477 

Sequoia gigantea, 1297 

Serapeum, or "" Mausoleum of the Bulls/' 

98G 
Serpent, auriculo- ventricular valve of, 557 

creeping of. 1115, UIH 

gliding motion of, 1116 

Serpents as swimmers, 1116 
Serpula, 100 

Sertularia, 100 

abietina, 812 

argentea, 148 

filicula, 56 

Servetus, pulmonic circulation, 428 
Setters, effect of training, JH)(i 
Seville Cathedral, bird life of, 956 
Shark, brain of, 405 
Cestracion galateus, 1165 

egg-purse of Port Jackson, 38 

tail of Greenland, 1171 

vertebra of, 9 

Sharpey, Dr., ciliary movements, 460 
Sheep, embryo of, 895 

heart of, 88 

intelligence of. 987 

mitral valve of, 517 

muscular fibres of stomach of, 529 

social, 987 

structure of ventricle of, 511, 512, 

518 
Sheik el Reled, statue of. 1886 
Sheldrake, spermatozoon of, 159 
Shells, spiral configuration of, 647 
Sherardia arvensis, pollen of, 164 
Shoulder- joint in birds, bats, &c., lax 

condition of, 1251 
Sight, sense of, 847 
Sigillaria brownii. 1801 

elogans, 1801 

Sileno nutans, fertilisation of, 369 

Silirpiaria anguina, 38 

Siliuian vegetation, 1802 

Simpson, Prof. J. Y., experiments with 

sensitive plant, 592 
Sinuses of Valsalva, 470, 409, 558 
SipunculuB nudus, 26 
Sirodon pisciformis, 343 
Siren hwt'rtina, 73 
Sironia, 1177 
Skate, biilbus arteriosus of, 556 

elementary fibre of, 587 

pectoral and ventral fins of, 1171 

swimming of, 1105 

Skeleton of Dinornis maximus, 1807 

of golden eagle, 1254 

of horse, 1188 

— of man, 80. 1026, 1122 

of moa, 1809 

of ostrich, 1118 

of snake, 1115 

Skin of hand, 755 

Sloan, Rev. A. D., on evolution, 620 
Slowworm, progression of, 1113 
Smell, organ of, 841 

sense of, 841 

Smilax aspera, 609 

Smyth, Prof. Piazzi, experiment with 

artificial wing, 1263 
Snail, nervous system of, 746 

tentacles of, 542 

Snails, intelligence of, 893 
Snake charmer, at Tangier, 940 

ringed, skeleton of, 1115 

Snake's heart, movements of, 476 
Snakes, fascinating power of, 940 
locomotion of, 1114 

non- poisonous, and prey, 1116 

poisonous, and prey, 1116 

Sneezing, 262 

Snipe, dissection of, 1244 

elastic ligaments in wings of, 1252 

wing of, 214 

Socrates, head of, 1844 

Solnn goos3, on Bast Rook, 942 



Sonchus palustris, pollen of, 164 
Sophocles, bust of, 1844 
Sound, sense of, 847 

waves, 862 

Spallanzani, respiration in tissues, 455 
Spanish chestnut, spiral stem of, 689, 667 
Sparrow-hawk, mobbed by sparrows, 942 
Speech, faculty of, 802, 804 
Speed determines the length of stride, 
1134 

of ostrich, 1119 

Spencer, Herbert, matter and force, 224 

circulation in plants. 451 

pctssage of fluids in plants, 434 

Spermatic cyst of creeper bird, 26 

of rabbit, 26 

Spermatogonium of frog, 155 
Sperrnatf>zoid of Angiopteris, 159 

of Asplenium septentrionale, 665 

of Chara fragilis, 164 

of Fucus, 159 

of Gymnogramma, 164 

of Marchantia polymorpha, 164 

of Marsilia, 159 

of PelUa, 159 

of Phegopteris, 159 

of Polytnchum commune, 164 

of Sphagnum, 159 

Spermatozoon, flagellate, 159 

of badger, 159 

of blackbird, 892 

of Dromia, 159 

of field-mouse, 892 

of frog, 892 

of goldfinch, 892 

of Homarus, 159 

of Inachus, 159 

of Larus, 159 

of Leuciscus, 159 

of Maja, 159 

of man, 892 

of Muscicapa, 159 

of Opussum, 159 

of Perca, 892 

of Phyllopneuste, 159 

of pig, 159 

of pike, 159 

of Polyphemus, 159 

of Porcellana, 159 

of rabbit, 26 

of Raja, 159 

of rat. 26. 159, 

of Rhinolophus, 159 

of wood shrike. 892 

of sturgeon, 159 

of Tadoma, 159 

of Trit<m, 26, 159 

of Vesper ugo, 159 

Sphiprophrya magna, 179 

piisilla, 179 

stentorea, 179 

iirostylff*, 179 

Sphagnum, S|>ermatozoid of, 159 
Spider, hunting, 808 

trap-door, 897 

wat<?r, 898 

wolf, 899 

Spiders, intelligence of. 894 
nervous sy8t<»m of, 900 

prtHlilection for music in. 895 

Spiders' webs, formation of, 895 
Sphincters, openinc: and closing of, 262 
Sphincter vesiciP. 519 

Spliinx moth, wings of, 1217 
Spinal cord, human, 132, 750. 752 

ner\'es, 774 

Spiral arrangements in animals, 645 
in plants, 636 

formations, prevalence of, 676 

8e<Hl8, 663 

shaff, 686 

stems, 6($6 

structures, fundamental, 99 

Spirality in plants, 662 



Spirals, artificial, 686 
hyperbolic, paralx)lic, and Archi- 
medean, 686 

inorganic emd organic, 634 



sj'mmetry in, 639 

Spirifer striatus, 76 

Spirilla, in relapsing fever, 807 

Spirillina Umbata, 29 

Spirogwa. filament of, 488 

iongata, conjugating filaments of, 

144 
Spiromonas angustata, 171 
Spirostomum ambiguum, 176 
Spirula fragilis, 88 
Sponge, larva of. 78 
Sponges, ciliary action in. 4(K) 

spicules of, 8, 70, 168, 170 

Spongioles of roots, 445 
Spontaneous generation, 92. 714, 718 
Sporangia of Mycetozoa, 300 
Sporophon^s of Mycetozoa, 300 
Sporozoa, 338 
Spumella guttula, 170 
Squalus acantliias, egg-purse of, 88 
Squid, swiiinning of, 1153, 1154 
Stability of typo through protracted 

periods. 1333 
Stag, section of horn of, 8 
Stag-l>eetle, wings of, 1215 
Staminal hairs of Virginian spiderwort, 440 
Starch grains of ]iaricot-})ean, 164 

of potato, 164 

of rice. 164 

prismatic columns of, 64 

Star-duster, 14 

Star-fisli, circulation in, 469 

five-rayed, 131 

typical r£idiation, 44 

Starling, taught to whistle, 946 
Statice linifotia, pollen of, 164 
Statue of nude female figure, 1845 

of Rahotep's wife, 1888 

of Ra-nepher, 1887 

of the Sheik el Beled, 1886 

Staurastrum gracile, 8 
Stauria astneifonnis, 65 
Stegosaurus ungulatus. 1318 
Stem-climbing plants, 614 
Steins, spiral, 66(i 
S ten tor igneus, 177 

pediculatus, 177 

Step and stride, explanation of difference, 

1134 
Stephalia Corona, 88 
Stephanoceras (Ammonites) humphrosia 

num, 88 
Stephanomoncis locellus, 178 
► Stereo-chemistry, spirals indicated by, 633 
Stereum hirsutum, 802 
Stewart, Prof. Balfoiur, on mind and 

matter, 811 
Stick insect, 70, 103 
Stickleback, m^st-building of, 936. 937 
Stichotricha secunda, 179 
Stigc>oclonium prot«»nsum, 5 
Stinuilation and muscular movement, 878 

theorv of, 240 

Stiriing, Mr. A. I^., 798, 1365 et »eq. 

Prof. W., aflex act, 259 

muscles of n^spiration. 296 

Stokes, Professor, phenomena of life, 181 
Stomach, cardiac sphincter of, 525, 526 

external fibres of. 524 

movements of the human, 527 

mucous membnuie of, 484 

muscular coats of. 522 

muscular fibres of human. 827, 580 

of l)ear. muscular fibn^s of. 529 

of cat, nuiscular fil>res of. 529 

- — of chimpiuizee, muscular fibres of, 
580 

of dog, muscular fibres of, 580 

of howling monkey, muscular fibres 

of, 529 



HH 



INDEX 



StoniHC'h of porpuitjo, muscular fibres of, 529 

of shoep, muscular fibres of, 529 

of zebra, muscular fibres of, 580 

pyloric sphincter of, 626, 526 

Strata of the eartirs crust, 1814 
Stratified rocks, tal>le of, 230, 1814 
Strepsiceros kudu, horns of, 88, 618 
Streptocaulus pulcherrimus, 88 
Streptococci, suppuration, 806 

Stride and step, explanation of di£ference, 

1134 
Strophocheilus (Borus) oblongus, 28 
Struthers, Sir John. 13(>3 
Strutliio canielus. foot of, 218 

skeleton of, 78 

Sturgeon, auric ulo- ventricular valve of, 

557 

bulbus arteriosus of, 555 

fin of, 62 

spermatozoon of, 159 

tail of, 78. 1171 

swimming of, 655 

Sulphur, spiral crystals of. 635 
Sundew, 127. 589. 601, 785 

Sun-fish, auriculo-ventricular valve of, 557 

bulbus arteriosus of, 55(> 

Surfaces employed in walking, swinmiing, 

and fl>'ing, 1196 
Swallow, anticipating danger, 945 

flight of, 1270 

wings of, 80 

Swallowing, movement of, 262, 788 
Swallow-tail butterflv, wings of. 1215 
Swan, Prof. W., Skye terrier, 995 
Swan, feet of, 78 

elastic ligaments in wings of, 1 252 

primary feather of. 82 

primary feather of wing of, 1218 

swimming of, 1160. 1162 

whooper, skeleton of wing of, 215, 

218, 1066 

Swans in flight at Carlow, Ireland, 1282 
Swarm-cell of Mycetozoa, 300 
Sweat-gland, 483 
Sweet pea, leaf with tendrils of, 28, 613, 

625 
Swift, flight of, 1270 
Swimming-(Tab, 1106 
Swimming of Salpa cristata, 1158 

of 8er|>ents, 1116 

of the fish, 1078, 1168, 1165 

of the fresh- water tortoise, 1158, 

1162 
of the hawk's-bill turtle, 1159 

of the jelly-fish, 1 1 49 

of the lobster, 1156. 1160 

of the octopus, 1162, 1158 

of the scallop, 1151 

of the sea- butterfly, 1155 

of the squid, 1153, 1154 

of the stickleback, 1164 

of the swan, 1160, 1162 

of the triton, 1159 

of the winged medusa, 1155 

weight plays an important part in, 

1077 
Sword fish, 1167 

attacking whale, 939 

momentum of, 1079 

Sycandra. stiction of, 41 
Symmetry of form. 38 
Synedra splondons. 8 
Sympatliotic nerve, 743 

system, human, 750 

Syphon, compound, 447, 455 

Syphons in plants. 455 

Syringograde animals, swimming of, 1152 



Tablet of Snefura at Wady Magerah, 1882 
Tactile corpuscle, 755 
Ta<ioma, spermatozoon of, 159 



Taenia saginata, 149 

solium, 149, 373 

Tail of Greenland shark, 1171 

of herring, 1169 

of mackerel, 1169 

of sturgeon, 78, 1171 

Tait, Prof. P. G., mind and matter, 811 
Tapestry bee, 931 
Tapjeworm, 148, 373 
Tarira polyantha, flower of, 44 
Tartaric acids, molecular constitution of, 19 
Te^te, conditions under which experienced, 
840 

sense of, 839 

Taste-bud of rabbit, 755 

Taste-buds, 839 

Teeth, herbivorous and carnivorous, 1820 

milk or first set, 1321 

Telephone, 117 

early form of, 871 

first form of. 862 

Professor Graham Bell's, 862, 873 

Reiss's, 862, 872 

stnictiu^ of, 871 

Tomera. 123 

Temple of AbA Simbel, 1886 
Tendril-climbing plants, 614 
Tendrils, 607 

of cucumber, 625 

of passion-flower, 623 

of vegetable marrow, 618, 614, 626, 

639, 658 

Prof. Sachs on, 675 



Tentacles of Murex, 542 

of snail, 542 

Terebra dimidiata, 80 
Torebratula, 205 

Terns assisting wounded companion, 944 
Terrier, marauding expeditions of, 995 
Tetanus bacilli, 8^ 
Tetmemorus granulatus, 8 

laBvis, 8 

Tetramitus descissus, 171 

rostratus, 171 

Totraphis pellueida, 141 
Textularia trochus, 29 
Thalassicola pelagica, 41 
Thecla isocrates, larvae of, 892 

Thoms, Mr. Alexander, stellate eu;tinoIite, 

52 
Thomson, Prof. J. J., new theory of 

matter, 186 
Thorax, bones of humcm, 1084, 1085 
cavity of human, 288 

movements of, 544 

muscles of, 285 

skeleton of human, 284 

Thresher or fox shark, 78, 939, 1171 

Tibia, human, 9 

Tiger, difficult to trap, 976 

intelligence of, 975 

plaiting of extremities in walking, 

1087 
Tigers, at Edinburgh, 976 
Tima flavilabris, 1151 
Tinea, larva of, 892 
Tinoceras ingens, 1824 
Tintinnus lagenula. 177 
Tissues, elastic, 328 
Tongue, filiform papillae of, 60 

fungiform papillas of, 60 

impressions by sapid bodies on, 841 

circumvallat<» papilla} of human, 60 

musclcH of. 1034 

nerves of. 840 

papilla? of. 839 

structure of, 758 

Tooth, human molar, 8 
Torpedo, ganglion cell of, 746 

hebotans. 123 

marmorata, 123 

Tortoise, auriculo-ventricular valve of. 557 
embrvo, 402 

fresh water, swinuning of, 1168, 1162 



Torsion in twining plants, 618 
Torula cerevisia*, 141 
Touch corpuscles, 755 

sense of, 836 

Toxopneustes, ovarian egg of, 157 
Tracheas of insect, 471 
Trachelocerca olor, 176 

phcenicopterus, 176 

Trachelophyllum apiculatum, 176 
Tradescantia albiflora, section of stem of, 

144 

virginica, movements of protoplasm 

in staminal hairs, 440 

Tragelaphus gratus, horns of, 80 
Tragopogon pratensis, parachute of fruit 

of, 418 
Traje(?tories, formed bv wings and body 

of bird in flight, 1084 
Transition links, 401 
Transmitter, Mr. Blake's, 862 
Travelling organs, modifications of, 346 

origin of, 1197 

original structiu'es, 347 

screws structurally imd func- 
tionally, 1087 

typicAl examples of, 1197 



Travelling surfaces for land, water, and 

aerial transit. 1101 
in relation to the medium on 

which they operate, 1195 

of animals, 1100 

Trepomonas agilis, 171 
Triccratops prorsus, 1817, 1319 
Trichechus rosmeuiis. 1147 
Trichia, elaters of, 164 
Trichina spiralis, 807 
Trichodina baltica, 178 

pediculus, 177 

8corpa?na, 177 

Trichonema liirsut-a, 178 

Trichonympha agilis, 177 

Tricuspid, safety-valve action of, 500 

valve, 517, 561. 564 

theories of action of, 562 

Triton cristatus, 84. 1149 

Triton, spermatozoon of, 26, 159, 892 

swimming of, 1159 

Troglodytes niger, 788 
Tropa?olum minus, 606 

tricolorum, 611 

Trot of the horse, 1136, 1139, 1140 

Tuber annulare, 779 

Tubercle bacilli, 807 

Tubercula quadrigemina, 779 

Tubularia indivisa, circulation in, 488 

Tuning-fork, 862 

Turbinated bones, human, 85 

Turdus inenila, spermatozoon of, 26 

Turkey, heart of, 498 

Turkey cocks, fight at Schoenbrunn. 947 

Turner, Sir Wm., on placenta of whale, 482 

Turnip, absorbent organ from root of, 485 

Turnstone, reasoning power in, 943 

Turritella, 80 

Turtle, flippers of, 80 

hawVs-bill, 84 

swimming of, 1159 

Tympanum, cavity of, 761 

TjTidall, Prof. J., spontaneous generation, 

719 

molecular force, 139 

Type, permanence of. 1017 

persistency and evolution theon', 

987 
Types arranged in aat^nding series, 1023 

isolated and distinct, 1023 

Ty]>!ioid bacilh, 807 



U 



rmbilical cord, 406 
Uncitos gryphus, 29 
Unconscious cerebration. 790 
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Unger, ascent of sap, 434 
Urine discharge, 519 
Urocentnim tiirbo, 178 
Uroleptiis mobilis. 178 

rattulus, 178 

Urotricha lagenula, 176 
Utero-gestation, periods, 270 
Uterus, cotyledon of cow's, 480 

human, 890, 898, 406, 480 

mucous membrane of, 484 

Utricle, primordial. 438 
Utricular glands, 483 

space, 491 

Uvulana, Gil 



Vallianeria, intra-cellular rotation in, 488 
Valsalva, sinuses of, 470. 499. S58 
Valve, bicuspid, 559, 564 
Valves, elastic sluices, 470 

fimction performed by, 470 

in arteries, 427 

in h(>art, 427 

in veins, 427. 549 

of human heart, 499 

of left heart, 501 

of right he£trt, 499 

of vascular system in vertebrata, 516 

tricuspid, 517, 561, 564 

Vanilla aromatica, 609 
Variation in animals, 381 

in plants, 381 

Vascular bundlc^s, double system in, 431 
expansions, in the leaf, 449 

system, valves of, 548 

Vaucheria ovoidea. 141 
Vegetable cell, 436 

marrow, tendrils of, 618, 614, 626, 

689, 653 

Veins, structure of, 318, 504 

valves of, 549 

Venous valve of vein of horse, 516 

valves in action, 552 

Ventricle, centripetal movement of, 884 
distribution of muscular fibres of, 

508 
movements of, 324 

of calf, structure of, 518 

of deer, structure of. 512. 518 

of sheep, structure of, 511. 512. 513 

Ventricles, arrangement of muscular fibres 

of. 506 

models of, 513. 514, 515. 516 

of human lioart. 885. 886 

of mammalian heart, 506 

VeniLS conquering, statue of, 655, 1348 

of Milo, statue of, 655, 1089 

of Ostia, statue of, 655. 1345 

Venu8*s flower-basket, 70. 102 

fly-trap. See Diona>a 

Vertebra, human, 8, 9 

Vertebral column, formation of, 411 

human, 38, 62 

Vesalius, ductus artt»riosus, 429 

ductus venosus, 429 

valves of the heart. 428 

Vespertilio murinus. 82 
Vt^sperugo, spermatozoon of, 159 
Vessels, capillary. 502 

elasticity of. .')0,1 

in the insect, 470 

lactiferous, 438 

lymphatic. 502 

of animals, 435 

of leech. 463 

of plants, 433, 435 

form sy pi ions, 447 

use of elasticity in, 468 

Vestigew, proofs of evolution. 400 
Village sheik, statue of. 1336 
Villi, intestinal, 483 

Viola odorata, [xillcn of, 168 



Virchow, Prof. Rudolph, the cell, 139 

Virgil, bust of, 1844 

Virginian spiderwort, staminal hairs of, 

440 
Vision, distinctness of, 852 

structures concerned in, 764 

Vital forces, 96 

Vitelline membrane, 377 
Vitellus, 377 

segmentation of, 888 

Vocal chords, 867 

V^oice, mechanism of human, 865 

organ of, 867 

Volition, 770 

Voluntary* movements in Coelenterata, 891 
in Protozoa, 890 

muscle, 534 

muscles, 887 

Volvox, germinal cells of, 159 

globator, rhvthmic movements of, 

162, 261 

Von Baer, origin of spe<*i€^ 686 

Von Zittel, Karl A., on Nautiloida^, 685 

Vortex ring, 12 

VorticeUa, 100, 841 

cratera, 178 

nebulifera, 812, 339 

Vulture, flight of, 1270 



W 



Walk, natural and artificial, 1125 

of the horse, 1135, 1187, 1188 

Walking, figure-of-8 cur^'e8 ma<le by arms 

and legs in, 1078 

of adjutant, 1120 

of ostrich, 1120 

on edl fours in imitation of giraffe, 

1127 

on hands cmd knees in imitation of 

horse, 1127 

pendulum movement of limb in, 1 1 24 

positions assumed by head, bodv, 

&c., 1127, 1128, 1129 

weight plays an important part in. 



1077 

Walking-fish. See Goby 
Wallace, Dr. A. Kussel, evolution, 182 

origin of species, 682 

Wall-flower, tissue of anther of, 168 
Walrus, 1147 

anatomy of flippers of, 1179 

intelligence of, 960 

swimming movements of, 1179 

Wasp, flight of, 1082 

mason, 931 

muscular fibre of, 8 

Wasps, colour sense of, 911 

retaliation of, 931 

sense of direction, 911 

of hearing, 911 

of smell, 911 

Water-breathers, 342 

bug, wing of, 1215 

spout, 10, 18 

Weasel and rabbit, 966 

intelligence of, 982 

Weasels, on links, Elie, 982 

Weight in flight converted into propelling 
and buoying power, 1076 

necessary to aerial flight, 1191 

necessary to artificial flight, 1074 

plays an important part in walking 

cmd swimming, 1077 
Weismann, Prof. A., theory' of here<lity, 
378 

germinal selection, 1016 

transmission of ac(|uired char- 
acters, 996 
West African harnessed antelope, horns 

of, 30 
Wliale, affection for young, 959 

off Island of Mull, blowing, 957 



TITiale, intelligence of, 957 

placenta of, 482 

vertebra of, 9 

Wliiriwind, 10 

Wild duck, wing of, 1289 

geeee, Fifeshire, 942 

Winking, 789 

of eyelids, 262 

Wing acting as a lever in flight, 1200 

action of, imitated, 1201 

acts as a kite, 1272, 1275 

a lever of third order, 1199 

analvsis of strokes in progressing 

flight, 1288 

angles formed bv, diuring it* vibra- 
tions, 1273 

area, experiments shoA^nng excefw 

of. 1209 

area in relation to size of volant 

animal. 1211 

artificial. 1201 

artificial ins4>ct, trajcctorv made by, 

1232 

ca.ses, their shape and us(^. 1220 

dissections of pigeon's, 1249 

downward »md forward stroke of, 

1077 

experiments with artificial, 1286 

flexion and extension of, 1242 

figure-of-8 action of, 1080 

in aerial flight strikes do^-nwards 

and forwards, 1191 

in sub-aquatic flight strikes do^^-n- 

wards and backwards, 1191 
kite action of, 1077 

movements, objections to mechani- 
cal theory of, 1229 

rapidity of, 1207 

muscles and joints of, 1228 

of albatross, 1242 

of bat. 1215. 12JK), 1293 

of bird, articular surfaces of, 1255 

diagram of, 1243 

during flexion and extension, 

1220 

elbow-joint of, 1256, 1257 

flexion and extension of, in 

flight, 1259 
impression product»d by oscil- 
lation of, 1264 

shoulder-joint of, 1256 

structure and general appear- 
ance of, 1238 

wrist- joint of, 1257 

of crane-fly, anatomy of, 1285 

of crested crane, dissection of, 1246 

of diver, 1242 

of gannet, 1242 

of goliath beetle, 1215 

of great auk, 1190 

of grey gull, 1242 

of heron, 1242 

of humming-bird, 1215 

of magpie, valvuhir action of 

feathers of, 1246 

of penguin, 1190 

of pheasant, 1289 

of water-bug, 1215 

of wild duck, 1289 

power of, to what owing, 1 253 

produci^s air-currents, 1201, 1202 

soimds produced during vibration 

of, 1208 

stages in oscillation of, 1261 

strikes doviTi wards and forwards 

during down stroke, 1076, 1262 

strikes upwards and forwards during 

upstroke, 1076, 1262 

tractile power of, 1203 

waved track d(»scril)ed by, in free 

flight, 1081 

Wings, all constructed on common prin- 
ciple, 1213, 1215 

all triangular in shape, 1213 
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VVinps, demonstration of accuracy of figiire- 
of-8 movements made by, 1230 

differ from propellers in steamships, 

1223 

nervures of, 1220 

of Alucita hexadactyla, 1217 

of beetle, 1217 

of blue-bottle fly, 1217 

of cicada, 1217 

of cockroach, 1217 

of heron, 1289 

of insects, arrangement for moving. 



1225 



position during repose, 1222 
threefold action of, 1221 
vary in nuinlier, 1213 



of kestrel. 419, 1289 

of locust, 1217 

of ostrich, 1118 

of partridge, 1289 

of pheasant, dissection of, 1245 



Wings of pterodactyls, 1298 
of sea-gull flexed during 



the 



up 



strokes, 1260 

of sphinx moth, 1217 

of stag beetle, 1215 

^ of swallow-tail butterfly, 1215 

typical bird, 1239 

Winged medusa, swimming of the, 1155 
Wingless birds, 1253 
Wolverine, intelligence of, 983- 
Wolves, capturing deer, 979 

hunting in packs, 978 

Woodpecker, Califomian, 832 
Wood sliriko, spermatozoon of, 26 
Wood sorrel, movements of leaves of, 587 
Woody tissue, structure of, 438 



Xiphacantha murrayana, skeleton of, 41 



Yeast plant, cells of, 141 
Young, Dr. Thomas, relations of the seen 
and unseen, 183 



Zantedeschi, experiments with sensitive 

plants, 591 
Zebra, heart of. 518 

muscular fib'res of stomach of, 580 

ventricles of, 510 

Zona pcllucida, 377, 382 

radiata, 377, 882 

Zooids, 165 

Zoothanmium carcini, 178, 174 
Zurich, seal in €U)uarium at, 1185 
Zygnema, fllaments of, in conjugation, 

141 
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